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‘ated Chemistry for Space 


> THE cCoNQUESTs OF sPAcE in the future are being won now in the labora. 
tories of today. Only if the students learn today, by doing experiments and 
studying the knowledge of the past, can they keep the world at the fore. 
front of scientific and technological progress, whether that progress be upon 
the surface of the earth or in outer space. The world, on both sides of the 
iron curtain, is becoming alerted and concerned about the education and train- 
ing of young scientists who in a decade will be doing the basic and develop. 
mental research necessary for industry and defense. 

The scientists, engineers and science teachers of America have realized the 
necessity of better education and equipment of young people for at least two 
decades. The rest of the world is catching up. While this is nothing that can 
be accomplished overnight (and a great deal has been done in the last decade 
or so, we should realize) there should be emphasis upon the necessity of hay- 
ing good “hard” courses in fundamental science like mathematics (and plenty 
of it), chemistry, physics, biology, preferably far beyond what is normally 
thought to be necessary in the average high school. 

Experimentation on the part of the individual student himselé is mandatory 
and should be encouraged. No student really learns anything experimental by 
watching a television presentation or even watching the teacher perform an 
experiment before the class. He should do the experiment himself. This should 
not be a copy-cat repetition of a workbook experiment in which the answers 
and results are obvious. Each student should be as much on his own as the 
great discoverers of scientific principles when they made their classic experi- 
ments. Every competent science student should have, more or less, an original 
experimental project of his own which he can convert into a fair exhibit. 

Articles in this issue of CHEMISTRY, which is partially devoted to rockets 
as chemical means of propulsion, accent the necessity of knowing the funda- 
mental in technology and science. 
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ROCKETS and SATELLITES 
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> A caprurep GERMAN V-2 mounting an American-built Wac Corporal in its 
nose is fired by General Electric Company scientists during an early post-war 
irmy Ordnance program. Such hybrid rockets have been replaced by missiles 
designed specifically for research. 
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Rocket Chemical Engineer 
Needs Sound Background 


Careers in Rocket Propulsion 


by DeWirr O. Myatt 


Manager of Development, 


> Few careers offer more challeng- 
ing opportunities for the young chem- 
ical engineer than that of rocket re- 
search and development. In both solid 
and liquid propellant rocketry, fertile 
imagination and educated daring — 
in addition to a sound feeling for 
technical practicality — constitute the 
most sought-after talents. 

Rocket engineering is by no means 
a completed technology; much _ re- 
mains to be accomplished. Theories 
remain to be formulated, hypotheses 
must be tested, and laws deduced. 
Great opportunities remain for new 
design concepts. 

Of course much significant progress 
has been made. The days of cautious- 
ly applying a lighted taper to ignite 
a charge remain only as fond memor- 
ies among the elder statesmen of the 
profession (most of whom are now 
approaching their 40’s). Today engi- 
neering problems are being singled 
out and classified as being matters for 
the thermodynamicist, or the kinetics 
specialist, for example. 


A Frontier Technology 


Seldom has a new technology de- 
pended so extensively on so many in- 
terrelated fundamental technologies 
and sciences. Both solid and liquid 
propellant rocket research draw upon 
the latest concepts in physical chem- 
istry, chemical kinetics, strength of 


Atlantic Research Corp., Alexandria, Va. 





> Tue Vancuarn earth satellite rock- 
et vehicle uses four of these Atlantic 
Research Corp. PET (Propulsion, Ex- 
perimental Test) solid propellant 
rockets — two for reverse thrust on 
the rocket’s second stage to effect a 
clean separation from the third stage 
and two to impart spin to the satel- 
lite. The PET’s also are used in re- 
search programs calling for short 
bursts of power. 


materials, advanced instrumentation, 
heat transmission, fluid dynamics, and 
both combustion and process engi- 
neering. As a frontier technology, 
rocket engineering necessarily de- 
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pends on frontier development in 
these various basic fields. 


The wide environmental range and 
extreme transients the rocket must 
endure pose many unusual problems. 
For example, consider the well-known 
tendency for a reaction to double in 
rate, roughly, for every 10-degree 
temperature rise. The chemical kineti- 
cist must develop catalysts that miti- 
gate this effect so that rocket fuels 
burn efficiently in polar and equator 
ial temperatures. The latest tech- 
niques in chemical kinetics, heat 
transfer, and fluid mechanics must be 
imaginatively exploited to achieve ef 
fective control in the final design. 


Motor Structure Poses Challenges 

The structure of the rocket motor 
— a pressure vessel originally de 
signed to tight stress tolerances — 
must withstand pressure changes 
sometimes exceeding 1000 lb./sq. in./ 
millisecond. Materials and supporting 
members must withstand high-accel- 
eration forces (at times in thousands 
of g’s) encountered in rocket launch- 
ing and flight, in addition to severe 
vibrational stresses. And of course, 
this engine must function equally 
well from its original thermal envir- 
onment into the subsequent condi- 
tions produced by aerodynamic and 
combustion chamber heating. The 
rocket engineer thus must develop 
wide knowledge of propellant struc- 
tural properties and the components 
of a rocket motor. 


Advanced instrumentation is re- 
quired to measure extreme tempera- 
tures, pressures, thrusts, and other 
parameters. Control devices must be 
designed to cope with phenomena 
changing significantly in milliseconds, 
or faster. Pilot-plant studies of pro- 
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pellant formulation usually require 
remote control arrangements for op- 
erator safety. 


Sound Background Essential 

The chemical engineer specializing 
in solid propellants must be aware 
of the latest developments in applied 
polymer science. Synthesis of high- 
energy polymers must be investigated. 
Laboratory bench-scale processes and 
operations must be translated into 
safe, economical production processes. 
Rocket design, prototype develop- 
ment, pilot-plant production, and pro- 
pellant processing all call for sound 
chemical engineering knowledge. 


Combustion engineering is funda- 
mental to any fuel research program. 
Basic studies of characteristics of 
flames, together with methods of ig- 
nition, must be investigated. New 
data on heat transfer coefficients and 
thermodynamic properties in recently 
explored portions of the time-temper- 
ature spectrum — much of which is 
not yet in the open literature — are 
utilized in both solid and liquid pro- 
pellant rocket design. Advanced 
methods of calculating thermal flow 
via conduction, convection, and radia- 
tion constitute an important research 
tool; volume for volume, rocket fuel 
combustion releases heat at rates ex- 
ceeding those of a nuclear reactor. 
Fuel energetics studies involve many 
areas of the periodic table; free-radi- 
cal and nuclear science are of prac- 
tical research interest. 


Fluid Dynamics Research 
Contemporary research in fluid dy- 
namics is exploited in both solid and 
liquid propellant rocket research. 
Characteristics of 5000-degree F gases 
flowing at sonic speeds must be stud- 






























ied to obtain data on chemical re- 
combination, heat transfer, and the 


effects of turbulence on combustion. 


Rocket motor design is equally sig- 
nificant. Solid propellant rockets de- 
liver combustion gases to the nozzle 
at predetermined rates from the burn- 
ing surfaces of carefully designed 
polymeric fuel shapes. And efhcient 
liquid propellant motors depend ul- 
timately on the successful functioning 
of extreme-capacity fast-re- 
valves, efficient combustion 
chamber spray nozzles, and high-per- 
formance heat exchanger-nozzle de- 
signs. 


pumps, 
sponse 


This is a brief outline of the chem- 
ical engineering aspects of rocket pro- 
pellant engineering, which is essen- 
tially the historic development of a 
new prime mover. The technological 
frontiers to be explored are genuinely 
exciting. Even more so is the ultimate 
frontier of use at which they are 
aimed: the conquest of space. 
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> 1XS50 (PET — Propulsion, Exper- 
imental Test) specifications: 5 in, ov- 
erall length, 1.5 in. outside diameter, 
50 lb. thrust for one second under 
vacuum discharge conditions. Details 
of the grain ( propellant) are classified. 
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Earth Satellite a Symbol 


It would have seemed fantastic just 
a few years ago that man-made satel. 
lites would be circling over the earth 
in the year 1957. This historic achieve. 
ment tells the practical scientists and 
engineers that the dream of space 
travel is very close to reality. The pro. 
pulsive systems needed to send a 
rocket to the moon or entirely out of 
the Earth’s gravitational dominance 
must do only about twice the job that 
has been demonstrated by the satel. 
lite achievement. This is within pres- 
ent engineering capability, and chem. 
ical engineers will undoubtedly play 
an important part in the conquest of 
the next — perhaps the last — great 
frontier of the physical world. 


The preceding appeared in Careers 
for the Chemical Engineer, 1957 Edi- 
tion, and is reprinted in CHEMIS- 
TRY dy permission of Careers, Inc. 
New York. 


* * * 


The following is a letter written by 
Mr. Myatt in answer to a_ request 
from a young student who wanted 
information on engineering, particu- 
larly chemical, as a possible career. 
Dear —: 

Probably the outstanding comment 
I can make about engineering is the 
fact that it is a profession, and as 
such requires a thorough, specialized 
training during the college years and 
a continued study of new develop- 
ments during your entire career, if 
you are to maintain your best abilities 
in the field. I think most of us who 
are engineers find this continued 
study very interesting and worth the 
effort that it requires. 
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iction that we get from 
engineering profession comes 
rom the fact that engi- 


neering work is creative. Iron beams 


ind ston are converted into a 
bridge; wires and tubes are made into 
1 radar set; or chemicals are com 
bined to make raincoats or rocket 
fuels. It is very satisfying to feel that 


your own ideas have produced some 
thing new. The engineer has a much 
etter chance than most people to get 
this satisfaction, because his training 
gives him the chance to work those 


ideas out. 


The future prospects for rocket en 
gineers appear very bright with the 
advent of peaceful uses of rocketry 
ind the future of space travel. The 
world seems to be getting more tech 
nically minded all the time. At pres 
ent, there are more people looking 
for engineers than there are engineers 
takes a 
with a good mind who is also willing 
to work hard and steadily, working 
conditions, promotion, and ability to 
get jobs will therefore be even better 


available. Because it person 


n the future for engineering gradu 


ites than they are now. 


Most engineering work requires ex 
ensive equipment and is carried out 
yy groups of people. This is particu 


> A Recutus I on the launching platform of the USS Tunny guided missile 


ubmarine. Navy photo was made during Pacific operations. 
; g 
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larly true of rocket engineering where 
engineers work for companies instead 
ot working for themselves like doc 
tors do. You will have to decide for 
yourself whether you are better fitted 
for one type of situation or the other. 
For example, most engineers will find 
that their companies have retirement 
plans which take care of the expenses 
when they are too old to work. It is 
up to doctors to make their own re- 
tirement plans. | should mention also 
that the engineer usually has a good 
earning power right up to retirement 
age if his health is good. This is one 
place where the man who works a 
lot with his brain has an advantage 
over men who work mostly with their 
When they start to 
work, there doesn’t seem to be a lot 


muscles. first 
of difference in their incomes, but the 
engineer and other professional men 
are usually far ahead of the muscle 
men by the time they are 30 to 35. 
A person can make a real success 

of life in many careers. I certainly 
think that the engineer's career offers 
large opportunities for a gratifying 
and rewarding life. Please accept my 
very best wishes for choosing a career 
that will bring you everything you 
may wish for. 

Sincerely, 

DeWitt O. Myatt 












































Many Problems Face 
Future Space Chemists 





Rocketry, Spacemanship and Chemistry | 


by Davin PurscLove 


} 


PART I: The New Age 


> Tue ace of space chemistry opened 
on October 4, 1957. 

The pin-point of light that began 
circling the earth every 96 minutes 
beckoned chemists to new fields of 
knowledge. 

The successful launching by Rus- 
sian scientists of the artificial earth 
satellites gave recognition to a new 
kind of chemist that has been devel- 
oping in very recent years—the space 
chemist. 

The October, 1957, issue of CHEM- 
ISTRY commented editorially on this 
field of space chemistry and hinted 
at what might be expected of space 
chemists. The concept of space chem- 
istry is not new, for chemists the 
world over have been organizing 
rocket-collected data into hypotheses 
and theories that have made the sat- 
ellites possible. Now chemists have a 
new analytical tool with which to ex- 
pand their knowledge and make pos- 
sible even more wonderful tools. 
Chemists will be expected to use these 
tools for the greatest possible benefit 
to mankind. This calls for a very con- 
centrated, highly specialized type of 
study based on hard chemical facts 
as we know them and extrapolated to 
an area where the “exception” to 
chemical rules sometimes becomes the 
rule. 

No Research Slow-down 

It is said “there is no rest for the 
weary.” Chemistry — its knowledge, 
physical facilities and manpower — 
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> Repstone in flight. 


has been under an_ unprecedented 
strain in the academic and military 
programs of which the satellites are 
a part. Fuels, better fuels and then 
super fuels have been developed to 
power the rocket vehicles. Metals have 
been made stronger, more reliable, 
capable of resisting fantastic heats, 
sudden temperature changes, mechan- 
ical shock, cosmic ray bombardment 
and atmospheres of dissociated ions 
and free radicals. Even the advanced 
instrumentation within satellites is a 
product of chemistry. Resistors, trans- 
istors, power supplies, insulators — 
the whole array of electronic equip- 
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ment — has been made to function 
in light-weight, miniature forms op- 
erable under extreme conditions. 
When the U. S. satellites are 
launched from Cape Canaveral many 
chemists, along with their colleagues 
in physics and engineering, may wish 
they could simply sit back and gaze 
at the results of their work as they 
Instead, they will re- 
turn to their libraries, laboratories and 
conference rooms and redouble their 
efforts for bigger and better feats. 


pass Ov erhead. 


Much To Learn 

Some of these chemists will move a 
little bit away from those who are 
perfecting better fuels and materials. 
They will analyze, speculate on, then 
form theories about, the data sent 
back by the satellites. This is the ma- 
terial on which their development 
colleagues will base plans for manned 
satellites, space ships, trips to the 
moon. Such data will also help chem- 
ists understand more about the chem 
istry of everyday life on earth. More 
will be learned about cosmic rays, 
ionization, the structure of matter, 
chemical reactions, control of energy, 
free radicals, man’s 


Ea area 


As it stands there are two major 
aspects of chemistry with respect to 


aging process 


rocketry, satellites and the Interna- 
tional Geophysical Year: getting 
something rocket or satellite — 


launched, and using the data collected 


PART Il: Old Fuels 


Although we hear quite a bit about 
great advances in fuels for rockets, 
missiles and long-range supersonic 
aircraft, the fuels “that are in actual 
wide use are for the most part im 
provements on old fuels. We do not 


NoveMseErR, 1957 





> Army RepsToneE missile booster sec- 
tion 1s wired by Chrysler Corporation 
electricians. 


after launching. 

Not all the upper atmosphere data 
will be collected by satellites. Some 
very valuable information has already 
been secured — and more will be 
collected — by high altitude sounding 
rockets. Some of these rockets are 
powered by liquid propellants, more 
are powered by solids. In the U. S 
Vanguard satellite vehicle both pro- 
pellants are used. The first two stages 
are powered by liquids and the third 
stage is a solid propellant rocket. In 
addition, four very small solid pro- 
pellant rockets are used within the 
third stage: two mounted “backward” 
to hold the second stage away from 
the third stage at separation, and two 
to impart spin to the satellite. 


in the New Age 


mean our missiles are being powered 
by mere improvements on the gun- 


powder of ancient Chinese rockets. 
Quite the contrary. Today’s missile 
propellants — even those produced in 


bulk for almost everyday firings — 


a | 








represent many man-years of chem- 
ical and mathematical thinking. 


Familiar Fuels 

However, most of today’s rockets 
and missiles (an unmanned rocket or 
jet with a guidance system) still are 
powered by substances familiar to 
most chemists, and even to beginning 
students: hydrocarbons, various per- 
chlorates, nitric acid, liquid oxygen. 
Mass production rockets, and most re- 
search rockets, are not yet using the 
proposed ion drive, free radical sys- 
tems, atomic hydrogen or oxygen, or 
even the newer of the so-called “ex- 
otic” boron and lithium compounds. 

Essentially, todays rocket power is 
divided into two major classes — 
liquid propellants and solid propel- 
lants. Each type is best suited to par- 
ticular jobs, and both are being used. 
The trend in recent months has been 
to use solid propellants where possi- 
ble and military requirements have 
given solid propellant research a 
boost. 

The reasons for this new military 
interest in solids help explain the 
whole fascinating field of rocket 
chemistry. 

The fuels used until recently to pro- 
pel most of America’s ever-increasing 
number of guided missiles were not 
reliable enough for wartime use. They 
were too dangerous for handling by 
the soldier, sailor or airman with av- 
erage military training. And they 
made the entire missile effort 
more than necessary. 


cost 


The Defense Department recog- 
nized this and did something about it. 
Thinking and practice by missile- 
men was directed, by order, toward 
making the rocket and missile pro- 
gram a more reliable defense effort 


and one safer for the men of the 
armed services as well as for civilians 
living near missile centers. A_ by. 
product will soon be tremendoys 
money savings for the American tay. 
payer. 


Switch To Solids 

The missile experts started by get- 
ting rid of liquid fuels in the biggest 
part of their program and substituted 
solid propellants for them, using less 
liquid oxygen, fuming nitric acid and 
unpredictable hydrogen peroxide 
throughout the program. 

Rockets and guided missiles began 
to be powered by such strange fuels 
as plastics, rubber, nitroglycerine, 
compounds resembling guncotton and 
a few of the “exotic” 
pounds. 


boron com- 

None of these fuels were entirely 
new to rocketry. In fact, nobody was 
surprised when the Defense Depart- 
ment announced in April, 1957, that 
a study was being made on solid fuels 
in the light of future fuel require- 
ments of the entire guided missile 
program. A Defense Department 
guided missiles official told Science 
Service: “Most of the new smaller 
rocket missiles now being planned or 
developed are of the solid fuel type.” 

Most of these fuels were already 
being used to some extent in both op- 
erational and developmental rockets 
and they had proved themselves in 
general to be safer, miore reliable and 
less costly to use than the liquids that 
were then powering most of our mis- 
siles. 
Reliable, Safe, Cheap 

These are some of the reasons why 
solid fuels were picked for an in- 
creasingly bigger role in powering 
rockets and missiles: 
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reliable than 
liquid fuels. sringing together just 
the right amounts of liquid propel- 
lant and liquid oxygen, nitric acid or 
hydrogen peroxide, at just the right 
time, and igniting them is a tricky 
business that often 


l. They are more 


fails to result in 
the successful launching of the rock- 
et. In a solid rocket engine the fuel 
blended at the fac- 
tory and cast together in the steel or 
glass fiber shell of the missile. There 
is no mixing and adjusting required 
in the field. 


components are 


The greatest problem facing mis- 
silemen—storage of rockets and fuels 
— is minimized by use of the safe, 
compact solid engines. Present launch- 
ing sites liquid propelled missiles 
widely dispersed, heavily 
shielded bunkers or caves, containing 
corrosion-resistant pressure tanks for 


require 


the dangerous liquids, special hand 
ling apparatus for fueling prior to 
launching and more firefighting and 
rescue equipment on hand. Tempera- 
and humidity must be carefully 
controlled. After certain periods of 
time unused fuel of some types must 
be discarded. Solid fuels, already cast 
into engine shape, can be handled like 
ordinary artillery shells; generally are 
not subject to temperature and hu 
midity extremes; and if accidentally 
ignited, merely burn rapidly rather 
than explode violently. A bullet can 
be fired through a casing of 
solid fuels 


ture 


most 
and the harmful result is 
most often only a ruined casing. 


. Personnel with only average mil 
itary training can handle solid fuels, 
while ground crews now handling 
iquid-fueled missiles must undergo 
expensive specialized training. 


In addition to the money saved 
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on misfires, storage and special train 
ing, the Defense Department antici 
pated saving money on the actual 
the fuels themselves. Al 
though some solids cost more than 
some liquids, in general the liquid 
fuel requires more money to move a 
given rocket a specified distance at a 
desired velocity because of the higher 
engine and auxiliary equipment cost. 


costs of 


Solids Are Simple 

These four reasons would be just 
a good start on a full list of reasons 
for the big switch in our rocket and 
guided missile program. A_missile- 
man, especially an engineer, would be 
quick to point out that solid propel 
lant missiles are not nearly as compli 
cated as their liquid-fueled brothers. 
In a solid rocket, the fuel tank and 
combustion chamber are the same. 
The fuel ingredients are mixed to- 
gether at the factory and poured into 
the casing where they solidify, or are 
molded and machined to shape. This 
forms the basic rocket to which are 
added fins, a warhead and, some 
cases, a guidance system. Liquid 
fueled missiles require separate stor 
age tanks for each fuel component 
and pipes or hoses to carry the fuel 
to the combustion chamber. Accurate 
valves are also needed for regulating 


the flow and mixture of the fuel. 


A Place For Liquids 

Solid fuels, however, 
all the advantages. 

In liquid propellant rockets the fuel 
tanks can be very light — just strong 
enough to support the weight of the 
fuel. There is no explosion taking 
place in the storage tanks. In the solid 
rocket, the entire casing must be 
strong enough and heavy enough to 
support the propelling explosion re 


do not have 








action. That is one reason the Defense 
Department believes liquids will con- 
tinue to propel the long-range mis- 
siles. 

An enormous quantity of fuel goes 
into even a 1,500-mile intermediate 
range missile. A solid steel casing to 
carry all this fuel and still act as the 
combustion chamber would be too 
heavy for use. Casings of glass fiber, 
however, are somewhat lighter and 
already have proved themselves 
stronger than the steel shells. 


The flow of liquids can be con- 
trolled for slow or fast flight, cut off 
completely for coasting and then re- 
sumed for direction changes. Once a 
solid is ignited its burning rate can- 
not be changed. 

Liquids generally have a higher 
impulse ratio. This means that liquids 
do more work per pound of fuel than 
do solids. This advantage of the li- 
quids is now being overcome by solid 
fuel researchers who are rapidly clos- 
ing the gap between the efficiencies 
of the two propellants. 


Need Both 

Each of the armed services has its 
own particular needs in a missile fuel. 
The Air Force, which will operate 
large, long-distance missiles from per- 
manent fixed bases, with fuel lines 
laid and storage bunkers built, is ex- 
pected to continue using many liquid 
fuels. 

The Army, on the other hand, 
becoming increasingly mobile and 
wants missiles that can be transported 
easily, with no problems of storage 
and handling. The Army is expected 
to power almost all its rockets and 
missiles by solid fuels. One exception 
might be the big, long-range Jupiter 
which would be launched from rear 
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> Lanp BaseD version of the Navy's 
Talos which was recently turned over 


to the Army. 

areas. It probably will be propelled 
by a liquid fuel until a more efficient 
solid is available. 

The Navy wants its rockets as 
small, compact and as easy to handle 
as possible. Storage space is at a prem- 
ium on board a fighting ship. A 
liquid fuel explosion and fire in 
cramped — would be disas- 
trous. The Navy’s joint project with 
the Army on development of the 
Jupiter was abandoned because of dif- 
ficulty in using a large liquid missile 
on board ship. The Navy is proceed- 
ing with a new solid propellant mis- 
sile, called Polaris, to be used instead 
of the Jupiter. 


Improve Existing Missiles 
In addition to calling for solid pro- 


pellant engines in most new missiles, 
the armed services are replacing en- 
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gines on many existing systems. The 
Nike missiles, already familiar sights 
around America’s major cities, are 
being modified to be propelled en- 
tirely by solid fuels. They had been 
boosted off the ground by solid fuels 
and sustained in flight by liquids. The 
Army liquid- fueled ( Corpsral system 
is being replaced by the solid 1 propel 
lant Sergeant system. 

Over a dozen rockets and missiles 
already in production and being used 
by tactical forces are powered by solid 
Air Force and the 


Navy Sidewinder as Sparrow are 


fuels. The Falcon 
examples of air-to-air missiles launch 
ed from our planes in an_ attack 
against enemy planes. Solid propel 
modern 
ground anti-aircraft weapons, include 
the N: wy Tartar and Terriers and the 
Army Hawk as well as the Nike. The 
Army's rockets and missiles 


PART III: 


can be 


lant surface-to-air missiles, 


range 


The energy pes liberated 
irom a pound « 
sentially of 


than 


fuel composed es 
or lithium is far 
can be obtained 
fuels. A compound of 
and hydrogen or lithium and 


ons 
greater from 
conventional 
boron 
hydrogen also weighs less per unit 
volume than a similar hydrogen-car 
bon compound. Rocket engineers con 
stantly strive to pack more potential 
energy into less weight. This explains 
the excitement over the new 
compounds. 


“exotic” 


Some such compounds already are 
finding limited use in rockets and 
jets, and production facilities to in 
sure 
completion. 


needed quantities are nearing 

A development that could easily 
cause the biggest forward leap yet in 
liquid fuels for long-range missiles is 
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from the five-foot-long Dart anti-tank 
weapon to the 6,000-pound 
Honest John already installed in fir 
ing positions overseas. 


27-foot, 


High Energy Search 


\ new prize to be sought by back 
ers of both solid and liquid fuels has 
entered the scene to influence the bat 
tle between these two propellants 
high energy fuels. A call has been 
sounded for fuels capable of releasing 
far more energy than is possessed by 
any existing fuel. High energy fuels 
are going to be needed to propel not 
only long-range, ultra-fast guided mis 
siles, but also to power globe-circling 
supersonic bombers already being de 
signed. The Defense De ‘partment 
wants fuels that are as safe as present 
solid rocket propellants and have 
greater than even the best 
ot our present liquid propellants. 


“oomph” 


The Fuels That Will Be 


nearing perfection. 
Perfect Fuel 


America’s rockets and missiles may 
larger, more powerful and 
travel farther and faster, thanks to a 
development that will make utiliza 
tion of the “perfect fuel” practical. 

A technique that makes it easier 
and cheaper to store and use 
liquid hydrogen, called the “perfect 
fuel” by rocket engineers, has been 
announced by the National Bureau of 
Standards. 

Unstable has 
converted to stable parahydrogen in 
large quantities through the use of 
chemical catalysts by scientists at the 
Bureau’s Boulder, Colo., Laboratories. 
The development makes it possible to 
store liquid hydrogen on the ground 
and aboard rockets in ordinary Dew 


soon be 


pure 


orthohydrogen been 


1] 








ar thermos-flask containers. 
ent, 


At pres- 
liquid hydrogen even in small 
quantities must be stored in cumber- 
some, heavy, constantly operating re- 
frigerator units. 


Approach Pure Hydrogen 

The goal of rocket propellant chem- 
ists recently has been to contain as 
much hydrogen as possible in rocket 
fuels. A goal that has been hoped 
for, but not believed to be practical, 
has been to achieve fuel systems using 


only pure hydrogen. Hydrogen, on 
combustion, evolves more heat and 
imparts more thrust per unit of 


weight than any other element. 


Because of its very low weight for 
a given volume, it is necessary to 
compress and liquefy hydrogen for 
practical storage. Equipment to do 
this is too large and heavy for use 
in missiles, so chemists have com- 
pounded hydrogen with lithium and 
boron, the next most efficient fuel ele- 
ments, as solids or thick liquid slur- 
ries. Although these exotic fuel com- 
binations release extremely high en- 
ergies, they fall far short of the ener- 
gy attained from pure hydrogen. 


More Efficient 

Details of our newest high energy 
fuels are classified, but propellant 
chemists believe they are probably 
only about one- fourth to one-half as 
efficient as pure hydrogen. 


To make the hydrogen stable as a 
liquid, Bureau of Standards scientists 


treat it with hydrous ferric oxide, an 
iron rust that has further combined 
chemically with water. In converting 
unstable orthohydrogen to stable para- 
hydrogen, the hydrous ferric oxide 
acts as a catalyst, increasing the reac. 
tion rate without itself becoming a 
part of the product. 

Orthohydrogen molecules contain 
two hydrogen atoms that have the 
same spin direction and, consequently 
have improperly aligned poles. Liquid 
hydrogen normally contains 75 per- 
cent orthohydrogen which tends to 
“flip” gradually to the proper and 
more stable arrangement of parahy- 
drogen. Such “flipping” of poles re- 
leases heat energy which continually 
warms the liquid hydrogen beyond 
the liquid state. Even in a_ perfect 
thermos flask, part of the hydrogen 
would vaporize. By converting all the 
orthohydrogen first to parahydrogen, 
it 1s possible to maintain the fuel as a 
liquid in ordinary tanks such as are 
used for liquid oxygen. 


There Is A Limit 

Although fuels are getting better, 
fuels as we know them today cannot 
continue to progress indefinitely. 
There is a definite limit to the eff- 
ciency of chemical fuels. 

The chemistry of fuels predicts a 
limit that is rapidly being approached. 
The liquid hydrogen’ fuel system 
probably would be the practical top, 
then missilemen will have to look 
elsewhere for their power supplies. 


PART IV: What Next? 


Just because the chemistry of today 
or hydra- 
zine or liquid hydrogen that can push 
beyond nature’s limit there is no rea- 
son to believe men will stop building 


cannot give us a gas¢ line 
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rocket ships. 

After all, it is expected that some 
of today’s students will set foot on the 
moon in their lifetimes. If they want 
to get there, they are going to have 
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to develop the fuels to take them. 
Their predecessors, today’s scientists, 
have given them a good start. 


A-Power 

Nuclear power may be an answer 
to the problem of supplying great 
quantities of power for long periods 


of time. Today's scientists are well on 


the way to making nuclear reactors 
small enough and light enough for 
use 1n tuture craft. 


Several companies are engaged in 
work on aircraft nuclear reactors, at 
least one of them for an atomic-pow- 
ered Navy seaplane. 

There is no longer a great problem 
in accomplishing fission, the splitting 
of an atom into two smaller and ap- 
proximately equal atoms. The process 
energy that had 
held the original atom together. Un 
fortunately 


releases the great 
tor aircraft designers the 
fission process releases energy in the 
heat form that requires the incorpora 
tion of heavy, complicated heat ex 
into the Also, the 
process results in a dangerously radio 
active atmosphere that must be kept 
from any living 
structural and guidance 
heavy shields. 


changers system. 


crew and sensitive 


materials by 


Effective shields are being develop 
ed from lighter materials and heat 
exchanger design is advancing to a 
point where exchangers will be light- 
er and more efficient. 


Harness H-Bombs 

Fusion is another story and today’s 
best estimates are that many problems 
surrounding the safe and reliable use 
of fusion power in aircraft will still 
be around in the future for solution 
by the people who are today’s stu- 
dents. The scientists who make these 
predictions do not mean we are not 
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already making progress toward the 
peaceful use of the H-bomb’s power. 
Fusion reportedly has been controlled 
in small-scale work in at least one 
laboratory. The study of 
electrical and magnetic field effects on 
gases is advancing in several labora 
tories. But most scientists still believe 
it will be 15 to 20 years before fusion 
power stations are in operation. It is 
to expect another 
several years will be needed to adapt 


necessary 


not unreasonable 


fusion power to aircraft. 

As in fission, the great problem of 
fusion control is that of handling 
heat. But here the temperatures are 
vastly greater than in fission. In fact, 
bomb temperatures, as_pro- 
duced by needed at the 
start of the fusion process which joins 
together, rather than separates, atom 


atomic 
fission, are 


ic nuclei. 


Free Radicals and lons 

Other fields of possible fuel devel 
opment also are expected to leave 
many problems to be solved by the 
future chemist who is today’s student. 
research 
Chemists 
and physicists are learning more about 
many common chemical reactions by 


Current over 
on free radicals is two-fold. 


excitement 


studying free radicals, and they have 
learned enough about free radicals 
themselves to believe the power pack- 
ed, potentially violent molecular frag- 
ments could be used as super fuels. 


Today’s drawback is that the for- 
mation of free radicals that can be 
trapped and stored, “frozen” for use, 
involves the input of so much energy 
in the form of heat, electricity or light 
that is uneconomical and 
impractical on a large Virtually 
unlimited, and probably very cheap, 
power from fission or fusion stations 


processing 
scale. 





may put free radicals in the fuel busi 
ness. 

In the meantime, scientists are ex 
ploring the possibility of using natur- 
ally occuring free radicals of the up- 
per atmosphere to power craft oper- 
ating at 60-65 mile altitudes. 


Ions are being considered similarly, 

The search for just the fuels of the 
space age is a full time task for many 
chemists. But what good is the per- 
fect fuel if the craft it powers cannot 
stand up under the conditions the fuel 
can allow it to achieve? 


PART V: The Building Materials 


Missiles, satellites and space ships 
are expected to hold up under condi- 
tions that engineers would have called 
impossible only a few years ago. 
Temperature extremes, shocks, cosmic 
rays, even exotic fuels or nuclear re- 
actors within the craft, all work con- 
stantly to destroy a vehicle that must 
be sleekly designed, delicately bal- 
anced and as light as possible. 


To meet specifications imposed by 
designers, chemists have developed 
harder and lighter steels, high-temp- 
erature resistant aluminum and alloys, 
glasses and plastics stronger and more 
heat resistant than many steels, pipe- 
lines and insulating tubing that resist 
exotic fuels and do not crack at the 
low temperatures of the upper atmos- 
phere. 


Better Steel 


Chemists have put titanium to 
work in making steel better, and now 
are replacing titanium with molyb- 
denum. Niobium is even better than 
molybdenum, and that little-known 
metal is now being prepared in pure 
forms so chemists can learn how to 
use it to replace molybdenum. 


Compounds are being made that 
have the workability of metals and 
the heat resistance of ceramics. In 
fact, these cermets, as they are called, 
are made partly of ceramics and part- 


14 


ly of metals. Chemists have learned 
to substitute silicon for carbon jn 
many organic compounds and the re- 
sulting silicones are finding wide use 
as insulators, flexible tubings, lubri- 
cating greases and protective cover- 
ings that do not crack at low temper- 
atures, do not melt at high tempera- 
tures and are not destroyed by corro- 
sive fuels. 


Aluminum Improving 

The effective operating temperature 
of aluminum has been increased and 
scientists are working on raising the 
temperature tolerance of this light 
weight metal even more. 


A full review of developments that 
will help missile engineers with their 
future designs would constitute a re- 
view of a substantial portion of recent 
chemical advancement. Yet scientists 
say we have just begun. 


No Shortage of Problems 

As space chemists analyze data col- 
lected by rockets and satellites, un- 
doubtedly they will continue to find 
more outer space conditions to chal- 
lenge the chemists developing fuels 
and structural materials. 

In spite of remarkable progress that 
has been made in all fields of science, 
today’s student need not fear a dearth 
of problems to challenge his skill as 
tomorrow’s scientist. 
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Rockets Fight Forest Fires 


> “Lirr_e VANGUARD’, the solid rock- 
et propelled forest fire extinguisher 
developed for the Grand Central 
Rocket Co., by Project Engineer Rob- 
ert W. Greene, is under evaluation 
and study by the U. S. Forestry 
Equipment and Development Center 
at Arcadia, California. 

The rocket, developed for the com- 
pany’s own protection on its 8000- 
acre mountain-walled test site, first 
attracted national attention on July 
20th when a mass salvo firing was 
demonstrated publicly. 

It is a solid propellant powered mis- 
sile slightly over 54 inches in length 
and is launched from a simple wood- 
en trough. Payload is 8.5 gallons of 
a fire extinguisher. 


. 





> A ROCKET-POWERED forest fire ex- 
tinguisher is examined by engineer 
John K. Elder, left, and project engi- 


neer Robert W. Greene. 





> A “Littte Vancuarp” leaves its launcher for target 410 yards distant. Un- 
fired rockets in their launching troughs are shown at the right. 
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> ScIENTISTS must return to some of 
the oldest and most elementary prin- 
ciples if they are to produce better 
and cheaper rocket and guided mis- 
sile fuels, John F. Tormey, chief of 
research for Rocketdyne, a division of 
North American Aviation, Inc., told 
a recent meeting of the American In- 
stitute of Chemical Engineers. 

Chemists must avoid complicated 
ideas and rely only on “simple and 
straightforward thinking” if they 
hope to surmount, or even approach, 
barriers that will soon be blocking 
the progress of so-called “exotic” high 
energy fuels, he said. 
Natural Limit on Fuels 

Two obstacles will soon face scien- 
tists racing to develop more powerful, 
more reliable and, hopefully, cheaper 
fuels. One is a natural barrier predict- 
ed by laws of chemistry. Mr. Tormey 
reported he does not expect this bar- 
rier to be surmounted, but called for 
an application of “classical skills to 
the new science of rocket propulsion” 
to make fuels as efficient as nature 
will allow. The second obstacle is the 
mass of military specifications which 
must be met. The latter obstacle can 
be overcome, Mr. Tormey said. 

Three factors control the efficiency 
of a chemical-type fuel: the molecular 
weight of the fuel; energy stored by 
bonds within the fuel molecule; and 
the way in which the molecule breaks 
down during combustion. From a 
study of these factors applied to all 
possible fuel chemicals, scientists have 
long agreed there is an efficiency limit 
beyond which no chemical fuel can 
penetrate. Fuels now in common use 
fall considerably short of this limit, 
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Rocketry Demands Simple Thinking 


> First stace of Project Vanguard 
vehicle is test-fired by the Navy. 


but some potential fuel combinations 
under investigation are theoretically 
close. 


Military Limitations 

Some of the military requirements 
that are making progress difficult, Mr. 
Tormey said, relate to storage and 
handling, toxicity, general safety, cost, 
availability and reliability. As fuels 
become more powerful, they tend, in 
general, to become more expensive, 
toxic, corrosive and difficult to pro- 
duce, he said. 


Mr. Tormey said the man who 
overcomes the military barriers will 
be successful by “innovation, bold- 
ness, logical thinking and determina 
tion” in applying simple scientific 
principles, and not by backing away 
from the challenge because he thinks 
the field is new “or might require a 
striking change in his personal tech 
nical equipment.” 





CHEMISTRY 











































> T 
differ 
read} 

IC 
missi 
devel 
warh 

Jar 
be 
jamn 


natio 
publ. 
mad 
profe 
of \ 
Sciet 
Arm 


Type 

TI 
sile 
ber « 
incre 
futu 
Bull 

Bi 
num 
grou 
air-t 
mor 
thw: 
ditic 
becc 

T 
miss 
“are 
thre 
siles 
reac 
aris 
whi 


No 



































ns 


ly 


Its 


— ——— 
—— oo 


se 


> Tue Unirep States needs more 
different kinds of missiles than it al- 
ready has. 

ICBM’s (intercontinental ballistic 
missiles) were made practical by the 
development of light-weight H-bomb 
warheads. 

Jamming of a missile in flight can 
be combatted by using the enemy’s 
jamming itself as a guidance system. 

An ICBM, once in production, will 
be cheaper to make than a bomber. 
and facts about this 
nation’s much-criticized and much 
publicized missile program have been 
made known by Dr. R. 
professor of physics at the University 
of Wisconsin, and formerly Chief 
Scientist of the Department of the 
Army. 


These other 


Rollefson, 


Types Will Increase 

Three important factors in our mis 
sile program indicate that “the num 
ber of different types of missiles” will 
increase rather than decrease in the 
future, Dr. Rollefson wrote in the 
sulletin of the Atomic Scientists. 

These are the great and 
number of uses for missiles, such as 


varied 


ground-to-ground, ground-to-air, and 
air-to-air; the fact that we must have 
more than one kind for each use to 
thwart counter-measures; and the ad 
ditional and costly fact that missiles 
become out-dated so fast. 

The scientific principles involved in 
missile making, Dr. Rollefson says, 
“are well understood and no break 
throughs are required to make mis- 
siles practical; they have already 
reached that stage. The difficulties 
arise from the extraordinary demands 
which we put on missile performance 
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America's Missile Program 


and the limitations imposed by the 
physical and chemical properties of 
available materials.” 


ICBM Facts 


Dr. Rollefson, in discussing the 
ICBM, revealed these facts about it: 

The ICBM’s, because of the serious 
mechanical complications involved in 
their guidance before striking a tar- 
get, will be primarily weapons of 
mass destruction.” 

With respect to guidance of an 
ICBM, the development of light 
weight thermonuclear warheads made 
the “ICBM practical.” 


We will produce better propellants 
and lighter materials for the missile’s 
framework and mechanical parts. 


“The defense against the ICBM is 
extraordinarily difficult. The difficulty 
is essentially that the warhead of an 
ICBM, which is all that would ap 
proach the target, is much smaller 
and harder to detect than a bomber, 
and since its total time of flight is 
about 30 minutes, only a few minutes 
are available for its destruction.” 


One ICBM can be stopped with ex 
pensive and elaborate equipment now 
conceivable, but ICBM’s 
make the problem “much more dif 
ficult.” 


salvos of 


In discussing some of the other 
problems for countermeasuring mis- 
siles fired by the enemy, Dr. Rollef 
son points out that “a promising 
method” of combatting jamming is to 
use the jamming radiation to direct 
the flight of the missile to home in on 
the jamming signal, which presum 
ably would be in enemy territory. 

































































High Regard For 
Science Spurs Progress 


The Soviet Bid for Science Leadership | 


by Howarp Simons 


News Editor 
of Science Service. Following a study 
of the Russian language and scien- 
tufic climate, he visited Moscow in 
1956 to observe the Soviet scientific 
program in action. That trip resulted 
in a series of eye-opening articles 
warning that “Russia ts determined 
to be the world’s leading scientific 
and technological power.” Since re- 
turning from Moscow Mr. Simons 
has devoted his efforts to following 
the Russian progress. He maintains 
close contact with government and 
academic authorities on Soviet science 
in positions to supplement his on-the- 
scene observations.) 


(Howard Simons is 


> Tue present Russian political lead- 
ership has been convinced or has done 
the convincing (and probably taking 
its clue from the excellent example set 
by the United States) that scientific 
and technological leadership is the 
trump the world 
domination. 


card in game of 


the 
has created scientists in its 


To insure this conviction, Red 


hierarchy 


own image. It has granted its scien- 
tists heretofore unbelievable rights 


and privileges. The changeover has 
happened so fast and furious that a 
in the Soviet 
equal in social and eco 
riches to the sacrosanct 
and political classes. This 
class is the scientists and engineers. 


new class has emerged 
Union - 
nomic 
military 


once 


Seek Western Information 


Along with an all-out push to make 
it plush for the scientist, the Reds 
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have changed their technological at. 
titude towards the West. In the days 
of Stalin it was a policy of do-it-our. 
self. Today, as witnessed by the 
stream of Russian scientists to this 
country, the attitude is more of learn- 
it-from-the-West. 

This new attitude was perhaps best 
summed up by a Russian scientist, 
Prof. Olga Akhmanova of the Uni- 
versity of Moscow, who, after a visit 
in Great Britain said, “I came to 
England to notice the good things, to 
see how I can profit by what people 


& as ae 


> Tue University of Moscow is part 


of an education system producing 


twice as many science field graduates 
as are being graduated from U. S. 
universities. 
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achieved and what they 
sud of. The main task at 
to find ways and means 
peaceful 


there hav 
may be p! 
present 1s 
collaboration 
and for this it is of paramount im- 
portance that people should not only 
be clever and enterprising, but also 


] 
tor personal 


pleasant and easy to get along with.” 

No Western scientist who has met 
his Russian counterpart at an inter 
meeting can deny that his 
Soviet colleague has been “clever and 
enterprising,” as well as “pleasant 
and easy to get along with.” 

But hurt 
Russian science and technology in an 
other way. It deprived Red scientists 
of the direct and “personal” contact 


national 


Russian do-it-ourselfism 


so necessary for the interchange of 
scientific ideas. 

The scientists have been 
kept very well informed about West 
ern research all along. It has not been 
surprising for a Russian researcher to 
know all the published work of his 
Western counterpart. This is easily 
accomplished in the Union 
where an army of translators works 
full time translating all the world’s 
scientific literature. But even for the 
Russians, there is no substitute 
personal contact between thinking 
men. So the barriers were dropped 
to a great degree. 


Russian 


Soviet 


for 


May Reveal Only Successes 

There little the 
light of recent Soviet accomplish- 
ments, notably the launching of the 
earth satellites, that Western scientists 
are impressed with the Russian scien 
tific effort, all across the board from 
atomics to zoology. 

Perhaps the West was kept in the 
dark too long regarding Russian sci 
entific progress. Or, perhaps, the Rus 


can be doubt in 
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sians only show and report those as 
pects of their research that will im- 
press not only Western observers, but 
those observers in underdeveloped 
lands. 

This can be seen in many areas of 
Russian science lying hidden under 
heavy Red wraps. Information about 
Soviet electronic computers, for ex- 
ample, is guarded with the vigilance 
of our atomic energy program. Why? 
Possibly the Russians are farther 
along than we are — but more than 
likely, they might be behind and will 
make their work known only when 
it is sufficiently far along or ahead of 
the U. S. so the world will oh! and 
ah! 


Two Approaches 


To achieve their ends — whether 
it be for sound scientific achievement 
or for propaganda value — the Rus- 


sians are currently employing two 
major techniques. One is crash pro- 
gramming and the other is the mass 
attack. Both were responsible for the 
quick work in getting the world’s 
first earth satellite into its orbit. 

Crash programming seems to work 
this way: 

The academicians sell the politi- 
cians on the idea of launching an 
earth satellite. A target date is set 
with an eye to all angles: scientific, 
political and economic. The _politi- 
cians then give the “da” or O. K. The 
buttons are pushed and all the men, 
material and money necessary to get 
the job finished on time are provided. 
There is little haggling. 

Hand in hand with the crash pro- 
gramming is the mass attack. Here, 
as on the battlefields during both the 
Second World War and the Korean 
War, divisions of scientists, engineers 
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and technicians, as well as factories, 








But even the well-paid, well-sup- curr 
laboratories and services are thrown ported Russian scientists realize there betw 
into the scientific effort regardless of must be limits to spending. This is coul 
cost. recognized by Prof. Kirill Stanyuko- que! 
a vich of the Baumann Anstitute of oon 

There has been some comment Technology “ Moscow, - predicting 7 

: , : : the possibility of a flight to the moon T 
from time to time in the West re- eons ; * . - 

nee ane ~~. within the next three years — a flight goin 

garding the fact that a tree society to Mars within the next 13 years. Dr. 

offers the scientist a better climate in (Ie was Dr. Stanyukovich, ons il w 

which to create. The implication has esiia’s leoliem socket enue. an sit 
been that in the Soviet Union, the a ee ne ae Xt pd . + 

a ae was picked to broadcast the details of equi 

climate has been far from healthy. the Soviet cont entellie wo te Bae ra 

I had an opportunity of putting this sian people on Saturday, October 5.) doll 
question to a leading Russian scien- Whether the Russians will attempt can 

tist in Moscow. His reply was simply, an interplanetary flight seems unlike tern 

“wherever there is good research, ly. They might, however, together T 

there is good climate.” with the United States. Thus, the Dr. 
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> Sputnik I in Fiicut. The Russian artificial earth satellite (bright dot in up- | the 

per left of frame 1) is shown passing the star Epsilon (upper right in each ans 

frame) in the handle of the Big Dipper. The frames are from a motion pic- a 

ture shot by Westinghouse Broadcasting Co., Inc. nov 
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current rivalry and technological race 
between the U. S. and the U. S. S. R. 
could end in man’s next step at con 
quering outer space. 


Cooperation Possible 

The reason Russia might balk at 
going it alone to the moon and Mars, 
Dr. Stanyukovich says, is financial. 

“The interplanetary rocket will re- 
quire a mass of complex automatic 
equipment. The cost of its construc- 
tion will run to tens of billions of 
dollars, more than any one country 
can afford. It will have to be an in- 
ternational undertaking,” he states. 

The “rendezvous with Mars,” as 
Dr. Stanyukovich calls it, as well as 
a flight to the moon, has long been 
a dream of Russian rocket experts. 


Although there are still problems 
to be worked out, Dr. Stanyukovich 
is optimistic that a rocket can be sent 
to the moon. He says that “calcula- 
tions suggest that interplanetary craft 
will be in the form of atomic rock- 
ets.” Although he admits that no 
atomic reactor capable of operating at 
the high temperatures needed has 
been devised as yet, “reactor tech- 
niques are developing very fast, and 
it can safely be predicted that the 
necessary type will be produced with- 
in the coming few years, in a num- 
ber of countries.” 


Need More Data 

Manned flights, he says, are still a 
long way into the future. 

Even unmanned spaceship flights 
will have to wait until such questions 
as magnetic fields in cosmic space and 
the impact of meteorites have been 
answered. 

This is where the earth satellites 
now whirling around the earth will 
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figure importantly in outer space trav 
el plans for the Russians. 

“These are all difficulties that must 
be overcome, step by step,” Prof. 
Stanyukovich says, “by dispatching 
first an earth satellite, then a rocket 
to the moon, and then a rocket to 
Mars.” 


Dr. Stanyukovich has published his 
views on space travel in Russian 
journals over a number of months 
recently. 


Satellite Honor Unshared 

Although the Russians may or may 
not be willing to share credit for in- 
terplanetary travel with the United 
States, they are not sharing any satel- 
lite honors. They credit their own 
rocket scientists historically for the 
research that culminated in the 
launching of the first earth satellite 
October 4. 

Chief recipient of Russian honors 
is, in the Russians’ own words, “the 
modest Kaluga schoolmaster,” Kon- 
stantin Tsiolkovsky. This early Rus- 
sian astronaut was making space trav- 
el calculations at the turn of the 20th 
century. Working at about the same 
time on similar plans, but indepen- 
dently, were Prof. Robert Goddard of 
the United States and Hermann 
Oberth of Germany. 


In 1903 Tsiolkovsky published a 
classic work in the field of interplan- 
etary travel called “Exploration of the 
Spaces of the Universe by Jet-Pro- 
pelled Instruments.” In his book, 
Tsiolkovsky showed the advantages 
of the rocket for use in a spaceship 
and designed the basic features for 
such a craft. 


Recognized in U. S. 
Tsiolkovsky is generally credited by 
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rocket experts even in this country — to act as a brake on an interplanetary 
with proposing a liquid-propellant rocket on its descent back to earth, 
rocket engine and being the first both Sought Manned Satellite 

to present a mathematical flight : : ‘ 
theory and to propose oxygen and Each of the three early Russian 
hydrogen as rocket propellants. rocket experts were concerned with 
the establishment of an earth satel- 
lite that could be manned and oper- 
ated as a scientific station. All drew 
up plans for sending parts of such a 
station into outer space in rockets so 
that the rockets could be joined to 
gether to form the station. 


Following Tsiolkovsky, the Rus 
sians credit a pair of researchers, F. 
A. Tsander and Yu. V. Kondratyuk 
with contributing heavily to the early 
rocketeering by proposing the use of 
solid metal fuel for rocket engines. 
Tsander, they say, during the 1920's ee i het 

“—“ : : “res , . ‘ 
and 1930’s published several works 3 eee — that 
ps ; on Germans during World War II over- 
on the use of interplanetary rockets, Pes ; : 
a ; a a at ae ran Tsiolkovsky’s old laboratory in 
particularly rockets which consumed a ) 
wre a eae the suburbs of Moscow. Although the 
part of themselves for fuel. He pub- Russ; k oe , 
ished his chief findings 1 in ; sbi : sigs 

hed | chi indings in 932 in a ussl ; aie SS ae inc oa 
book entitled “The Problem of Flight ment had already been evacuated to 
by Means of Jet-Propelled Devices.” Sverdlowsk in the Ural Mountains, 

the Germans found evidence to indi- 

Kondratyuk, also concerned with cate the Russians were carrying on an 
composite rockets, worked out a_ active rocket research and develop- 

I P 
theory of flight, take-off factors and ment program even before World 
suggested the use of a landing glider War II. 


On the Back Cover 


> A Martin Matapor TM-61 tactical 
missile blasts away from the launch- 
ing ramp of an Air Force pilotless 
bomber squadron. The jet-propelled 
matador is about the size and weight 
of jet fighter planes. It reaches a speed 
of more than 650 miles per hour 
while an electronic guidance system 
directs it toward its target. The Mata- 
dor is powered by an Allison ]-33 jet 
engine and 1s launched with the as- 
sistance of a rocket booster (hanging 
at the bottom rear of the missile in 


the picture) which drops off in flight. 
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> EIGHTEEN-YEAR-OLD Susan Lynn Hopkins of Waterloo, lowa, became a sum- 
mer employee as a result of her National Science Fair project in the purifica- 


tion of antibiotics. 


National Science Fair Projects 


by Suircey Moor 


>» THE Most exciting word in educa 
tion today is “project.” 

By the hundreds of thousands, boys 
and girls in our schools are doing 
science projyects—that is, experiments 
and demonstrations that teach by the 
fun of doing. 

But projects were not invented by 
educators as a teaching technique. 
They grew, as naturally as Topsy, out 
of the things children do for the sheer 
fun of it. 
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Unless and until they are talked 
out of it by more orderly adults, chil- 
dren are born collectors of bits and 
oddities. They spend blissful hours 
seeing how the world’s objects from 
a bird’s nest to the kitchen timer are 
put together, what they can be made 
to do, and why or why not. Un- 
hampered by “accepted” ideas, they 
look at life with brand new curiosity 
and the simple honesty of the small 
boy in the story of “The Emperor’s 
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New Clothes.” 

Left to his own inclinations, much 
of a child’s time is spent happily ex- 
perimenting with private projects. He 
is born with many of the most im- 
portant characteristics of the adult 
scientific mind, although the people 
around him may not think of it just 
that way! 


Parents and teachers are learning to 
encourage such characteristics, cheer- 
fully putting up with a certain amount 
of clutter and revising old-fashioned 
ideas of how clean a child must be 
kept. If George and Susan want to 
spend hours lying on their stomachs 
watching ants on busy errands or get- 
ting acquainted with a couple of 
earthworms, their mothers are very 
likely to put them in blue jeans and 
jerseys, and let them alone. 


When he is 18, George may win 
the interest and praise of other stu- 
dents and science fair judges with his 
ingenious and thorough exhibit of 
the interior of an ant hill. George 
Markin of Helena, Mont., did just 
that, winning first awards in his 
school and regional fairs and a third 
place in the National Science Fair. 
Now he looks forward to a career as 
a naturalist or an archaeologist. 


It may occur to Susan, when she is 
a junior in high school, that earth- 
worms might carry a built-in anti- 
biotic in their digestive systems, 
which protects them against bacteria 
in ingested soil. Susan Lynn Hopkins 
of Waterloo, Iowa, had such a notion 
and developed it into a project that 
earned her first awards in local fairs 
and the National Fair. Susan was in- 
vited to continue her research on the 
extracted antibiotic at the College of 
Medicine of Towa State University 
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that summer. The next fall, an expert 
on antibiotics, Dr. F. Bustinza of 
Madrid, Spain, asked for details of 
Susan’s work. This summer she 
worked as a biochemist in the labora. 
tories of Eli Lilly and Company on 
purification procedures for new anti- 
biotics. She entered college as a pre. 
med student this fall. 

Science project activities have 
proved to be one of the most appeal- 
ing and strikingly successful means 
of catching the interest of large num- 
bers of children and teen-agers, and 
of giving such interest “room to grow 
in.” As the idea has caught on, pro- 
jects have been adapted to all age 
levels until students, from the smallest 
kindergarten novice to the most tal- 
ented high school senior, are en- 
grossed in searching out their own 
answers, and constructing projects or 
writing reports to demonstrate their 
discoveries. Many are done as class 
work and are dramatic, enjoyable 
means of learning. 

For example, there are reports like 
the one about some Chattanooga 
youngsters who studied nutrition by 
watching the progress of two white 
rats. One thrived contentedly on bal- 
anced meals; the other did not do 
very well on a diet of sweets, in spite 
of a nocturnal escapade during which 
he snacked on the teacher’s geranium, 
some orange peels and a rubber stop- 
per. 

Plants and animals come alive for 
city classrooms when the children 
grow tree seedlings, cacti, and a color- 
ful variety of flowers, and affection- 
ately raise hamsters, chickens, fish, 
turtles, praying mantes, snakes, and 
baby alligators. (Meet Josephine 
Groundhog, for instance, from Red 
Bank, Tenn. Her ability as a weather 
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prophet turned out to be extremely 
poor, but she spent so much time in 
class that the teacher is reported to 
have said that Josephine had almost 
earned a science credit.) Imaginative 
teachers relate this pleasurable kind 
of nature study to somewhat less pop- 
ular subjects such as spelling, arith 
metic and geography. 


When the materials are handy, 
youngsters delight in making gadgets 
and experimenting with assorted mo- 
tors and switches, bells and push but- 
tons, mirrors and prisms. At the 
School of Education of the University 
of Chicago, Dr. Carleton J. Lynde 
filled a stock room with such inex- 
pensive equipment and let students 
buy it at cost to take home and “fool 
around with.” The stock room was 
open to all ages from kindergarten 
through college, but records kept of 
the eager buyers show that the peak 
of interest was among the nine-year 
olds. 


Dr. Lynde comments, “When these 
young scientists are thrilled by an 
experiment, they do it over and over 
to enjoy again the wonder of it. Then 
they show it to family and friends 
and teacher; thereby “leaven the 
lump.” 

Many projects put together out of 
ingeniously used odds and ends are 
exhibited eventually at school science 
fairs. Other projects are done original 
ly because they are required by the 
teacher or give the student extra cred- 
it in a physics, chemistry, or biology 
course. Still others are created specifi- 
cally for the fairs that are held all 
over the country each spring. What- 
ever their source, the total number 
of projects proudly exhibited in sci- 
ence fairs each year is now almost 
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> Kristina Torrer, 18, Allentown, 
Pa., demonstrates the rate of salt ab- 
sorption in plants at the Los Angeles 


National Science Fair. Her project 
developed from an interest in hydro- 
ponics. 


astronomical. A fair may be a simple 
classroom open house or it may in- 
clude many schools and exhibit 800 
projects to 27,000 interested visitors. 
There are school fairs, regional and 
state fairs, and the National Science 
Fair conducted every year by Science 
Service’s Science Clubs of America 
for the finalists of nearly 150 affliated 
regional fairs. 

The scope of the projects has done 
some growing, too. The once-upon-a- 
time exhibit of several butterfly speci- 
mens casually mounted in a box top 
has given way to expert demonstra- 
tions and astonishingly mature re- 
search work. The younger generation 
keeps up with the latest develop- 
ments, and many a professional sci- 
entist has been amazed to see the 
newest design in artificial kidneys or 
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ultrasonic interferometers or rockets 
very competently exhibited at a sci- 
ence fair. These are not just models, 
copied from drawings. They involve 
real understanding of the principles 
and often include new features de- 
signed by the young exhibitor. If it 
is a winning project, some real work 
has been done with the equipment 
once it was built. 

At the most recent National Science 


Fair, held in Los Angeles May 9-11, 
1957, high school students showed 


judges and visitors a new fuel addi- 
tive (developed by an 18-year-old 
girl), a spray method of autogenous 
skin grafting, an original design of 
a liquid fuel rocket which eliminates 
pressurized fuel tanks, a new type of 
photographic wide-angle lens, and 
study of electroluminescence demon- 
strating that the excitation voltage 
varies with the doping material and 
is proportional to the distance be- 
tween the electrodes, to mention some 
samples of the 231 exhibits. 

A few of the more complicated 
projects have grown so large that 
some fairs now discourage exhibitors 
of extremely heavy apparatus from 
competing for the honor of being 
sent to the National Science Fair as 
representatives of the regional fair. 
The cost of transporting such massive 
equipment sometimes exceeds the en- 
tire expense of sending the finalist! 

A few years ago, for instance, a 
17-year-old finalist’s betatron project 
weighed four tons and had to be sent 
to the National Fair in a 35-foot 
moving van. Its young builder had 
spent four years putting it together 
and it included, besides the betatron 
itself, 7,000 pounds of lead shield, 
10,000 pieces of steel, 130 capacitors, 
14 switches, and an unknown number 
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> Srepuen H. Caine, 16, Shreveport, 
La., displays his National Science Fair 
corrosion control demonstrator. Hts 
project resulted in a summer job with 
a utility company wanting to use his 
demonstrator. 


of miles of wire. (In operation, the 
device was reported to sound like “a 
herd of bull moose in distress.”) After 
the fair was over, the exhibitor pre- 
sented his project to a university 
where it is now in use. 

Regardless of size or simplicity, the 
experience of doing an independent 
project and of the contacts with other 
science-minded students and mature 
scientists often starts a chain reaction 
of enthusiasm. Many youngsters 
learn, to their own surprise, what 
ability they have in science. Suddenly 
they want very much to study science 
and mathematics courses, looking for- 
ward to college training in one of the 
sciences or in science and math teach- 
ing. Others, the already eager science- 
aspirants, are more convinced than 
ever that they have chosen an excit- 
ing and rewarding career. 

The United States Office of Educa- 
tion reports that last year, for the 
first time in nearly half a century, 
the percentage of high school students 






CHEMISTRY 


} 
i 






















takin 
incre 
reaso 
ful f 
cher 
come 
of m 
scien 
Of 
and 
well 


look 


Dire 


thin 


nw 





port, 
Fai r 

His 
with 
> his 


the 
e “a 
\fter 
pre- 
rsity 


, the 
dent 
ther 
iture 
‘tion 
ters 
vhat 
enly 
ence 

for 
‘ the 
ach- 
nce- 
than 
XCit- 


uca- 
the 
ury, 
lents 


STRY 


| 


taking mathematics and science has 
increased. There are probably many 
reasons for this increase, but success- 
ful personal experience with physics, 
chemistry, or mathematics would 
come high on the list, in the opinion 
of most researchers, of what makes a 
scientist. 

Of the 446 finalists in the Seventh 
and Eighth National Science Fairs, 
well over 90°, of the boys and girls 
looked forward to careers in research 


science, medicine, engineering, science 
teaching, technical laboratory work or 
related fields. What is more, studies 
have shown that up to 83% of the 
students who reach the level of the 
national fair actually do go into such 
careers. 

Apparently encouraging the young- 
er generation to do what comes nat- 
urally is an inspired way to fill in 
some of the gaps in our scientific 
manpower! 


V Chemistry Quiz 


Directions: 


Mark within the parentheses corresponding to the answer you 


think is most nearly correct. Answers are on page 28. 


|. An excellent method for measur- 
ing the temperature of the ex 
haust fame of a rocket is 
( ) 1. a silicon pyrometer 
( ) 2. an absorption-e mission 
pyrometer 
. an ultrasonic variator 


—~™ 
A 


sodium line reversal 


2. Tritium is a radioactive form of 
( ) 1. helium 
( ) 2. hydrogen 
( ) 3. nitrogen 
( ) 4. oxygen 


3. Which of the following elements 
is /east important to keep soil pro- 
ductive? 


( ) 1. magnesium 
( ) 2. phosphorus 
( ) 3. potassium 
( ) 4. sodium 
NovemsBeEr, 1957 


4. Which of 
gent? 


these is mot a deter- 


( ) 1. sodium salt 
( ) 2. soap 

( ) 3. tar 

( ) 4. water 


5. If 1 Fahrenheit degree = % of 
a Centigrade degree, and if 32 
degrees F = 0 degrees C, then 
68 degrees F equals 


( ) 1. 20.0 degrees C 
( ) 2. 37.7 degrees C 
( ) 3. 64.8 degrees C 
( ) 4. 122.4 degrees C 
These questions have been taken 


from Science Aptitude Examinations 
used in previous years as part of the 
annual Science Talent Search. Com- 
plete copies (with answers and 
norms) of many previous examina- 
tions are available at 
Science Service, 1719 
Washington 6, D.C. 


10c each from 
N St, N.W., 
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> Tue First increase in the percent- 
age of young Americans enrolled in 
high school science and mathematics 
courses since 1910 took place in the 
fall of 1956. This was reported by 
the Office of Education of the U. S. 
Department of Health, Education and 
Welfare. 

The rise, although slight, indicates 
an increased interest in science and 
mathematics, the Office noted, and 
has special significance “at a time 
when rapidly expanding technology, 
rising standards of living and increas- 
ingly complex military needs create 
a demand for more 
power.” 


scientific man- 

One possible reason for the first 
reversal in nearly half a century was 
due in part to the fact that more and 
more schools have been offering 
courses in science and mathematics. 


Until 1956, the Office’s study shows, 
the percentage of young Americans 


Study Science in 


> Science should be included in his- 
tory, government and other social 
science teachers have been 
advised in a study by the National 
Council for Social Studies, a depart- 
ment of the National Education As- 
sociation. 


classes, 


If discoveries and inventions of this 
technological age are overlooked, it 
is charged that social studies courses 


a 9. 


Science Enrollments Show Rise 





Answers to CHEMISTRY QUIZ on page 27. 


2, 2; 3, 




























taking science and mathematic; | 

courses has been on the decline. This 

has been true even though the actual | 

total number of students enrolled in | 

these courses has increased steadily 

and is now at its highest mark. 
The study also showed: 


1. The percentage of public high 
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schools offering courses in chemistry vr 
and physics to seniors rose from 77° by | 
in 1954 to 82°, last year. meta 
2. Schools offering plane geometry a 

to 10th grade pupils rose from 78°, | : 
to 81 opm: 
E 2 4 ie ; of tl 
3. Wide regional variations in en- | kno 
rollments in science and mathematics | |abo 
can be found. For example, 90° of perf 
the 10th grade pupils in the South | it t 
Atlantic regions study biology, where- per 
as only 65° take biology in the Pa- } than 
cific Coast states. uae. 
4. The percentage of students tak- | to | 
ing algebra rose from an all-time low | nol 
of 24.6% in 1952 to 28.79% in 1956, | yet 
valu 
. gy 
History Classes tot 
ator 

will ignore today’s students who are 

excited about aviation, electronics, | 5" 
medicine and other important fields A 
of science and technology. line 
A start in integrating science and bec 
social subjects can be made, the re- | "Y 
port states, “by recognizing the cen- | 
tral role of science and technology in | 
making our social institutions what sili 
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Improve Crystal Structure 
To Improve Finished Material 


Polymers, Crystals and Plasmas 


by Dr. Guy Suits 
Vice President and Director of Research, General Electric Company 
(Continued from CHEMISTRY, October, 1957) 


PART Il: Crystals 


>» JusT AS POLYMERS are getting better 
»y becoming more crystalline, the 
metals are improving too through the 
development of more perfect structure 
in their crystals. The striking devel 
opment of so-called “perfect” crystals 
of the common metals is now well 
known. We have measured in our 
aboratory the tensile strength of a 
perfect crystal of pure iron and found 
t to be nearly two million pounds 
square inch — vastly stronger 
than any metal or alloy in common 
use. This important progress is sure 





er 


to have a practical impact on tech 
nology, but just exactly where is not 
yet certain. Here is another case of 
value added by science and technolo 
- it’s the same old iron “known 


ov 

o/ 

to the ancients” — merely rearranged 
atomically. 

Semiconductors 


Another important class of crystal- 
line solids, the semiconductors, have 
become famous for perfection in pur- 
ity. The rapidly growing new semi- 
conductor industry is presently based 
on the two elements germanium and 
silicon, refined by special processes to 
a total impurity of only one part per 
billion. When a new development like 
this comes about, people interested in 
minerals start looking for a good ore 
supply for the new industry, and peo- 
ple interested in speculating _ start 
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looking for stock in the company that 
finds the new mineral. In the case of 
germanium, it was soon found that 
the principal source was the flues of 
zinc refineries, where it collects as a 
minor impurity and is available as a 
by-product. More recently, primary 
germanium ores from Africa have be- 
come available. 


When worked out 
for refining silicon to semiconductor 


methods were 
grade, a few years ago, some prospect- 
ing for ore took place in speculative 
quarters, but not for long, for the 
basic supply of silicon ore is excellent; 
in fact, we've far to much of it. Prac- 
tically all of the rocks and sand and 
dirt on earth, with minor exceptions, 
are full of silicon, which is the most 
abundant solid on our earth. Thus 
nearly everyone who owns real estate 
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> Value added to silicon 
































has extensive mineral rights to silicon, 
which of course isn’t worth much un- 
til it’s refined to semiconductor grade 
material, when its value goes up to 
as much as one thousand dollars a 
pound. This value has been added by 
research and processing and is a strik- 
ing illustration of making something 
of great value out of something of 
almost no value, by the application of 
modern technology. 


Add Value to Silicon 

Now let’s look into that billion dol- 
lars worth of silicon that my small 
friend and you have in your back 
yards. First we'll have to dig the sili- 
con ore. The most convenient might 
be an open pit or surface mine which 
will of ruin the lawn and 
flower beds and it will be pretty un- 
sightly. The neighbors might object 
to having a mess like that on your 
street, and they might worry about 
the kids falling in the excavation, and 
there’s probably a local ordinance 
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> Man-made diamonds 


against mining in your neighborhood, 
and a lot of other things. But let's 
overlook all of these practical mat- 
ters, and see what the silicon might 
be worth, potentially. If the lot is 
100 feet wide and extends back 100 
feet from the street, and we excavate 
to a depth of 100 feet, we would have 
approximately one million cubic feet 
of low-grade silicon ore, commonly 
known as dirt, sand and stone. If this 
were high-grade ore, it might yield, 
after processing, about 25 pounds of 
silicon per cubic foot, but to be con- 
servative well plan on only one 
pound, to allow for some waste and 
inefhiciency. However, that still yields 
one million pounds of silicon which 
is potentially worth one billion dol- 
lars! But wait! Don’t spend the mon- 
ey — there will be a small processing 
charge; in fact the processing cost 
will be very nearly one billion dol- 
lars. This theoretical mining opera- 
tion, right at home, points up the tre 
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mendous ability of modern technolo 
gy to add value and utility, to supply 
human needs and wants, and to cre 
ate wealth from common sources; in 
short to perform modern alchemy. 


Diamonds From Peanut Butter 
Super-pressure research — which a 
couple of years ago resulted in a pro- 
cess for making diamonds — and 
more recently, that still more glam 
orous and valuable substance, bora 
zon, is another prime example of 
value added by and _ techno- 
logy. It’s no secret that diamond, 
whether made by nature or in the 
laboratory, transformed from 
carbon, which in comparison to dia- 


Part III: 


sc lence 


was 


mond has almost no value. Even a 
49-cent jar of peanut butter has a 
healthy content of carbon. Since 
scientists, like everybody else, can’t 
resist having some fun with their 
work now and then, one of ours re- 
cently tried to make diamonds out of 
peanut butter. He but | 


hasten to add that it’s not quite as 


succeeded, 


simple as it sounds. Also, peanut but- 
ter, in comparison with some other 
just isn’t 
a very good material to start with — 
at least not good enough to justify 


further investigation into the relative 


carbonaceous compounds, 


merits of creamy style versus crunchy 
style. 


PLASMAS will appear in the December issue of CHEMISTRY. 


Gibberellic Acid Overcomes Plant Virus 


acip, the “wonder” 
growth-promoter, can virus 
stunted plants to grow again. Pre 
vious research has showed the 
mone-like substance can overcome 
both genetic and physiologic stunting. 


> GIBBERELLK 


cause 


hor 


Dr. Karl Maramorosch, plant path 
ologist at the Rockefeller Institute for 


Medical Research, New York, tested 
the chemical on three virus-suscep- 
tible plants: hybrid sweet corn, China 
asters and crimson clover. He 
leafhopper-borne viruses 
cause 


used 
known to 
severe stunting. 

Six weeks after inoculation 
group of severely stunted plants was 
sprayed with a freshly prepared wa 
ter solution of gibberellic acid at 100 
parts per million. The control group 
of similarly stunted plants was spray- 


one 


ed with distilled water and _ both 
groups kept on the same greenhouse 
bench. Two other treatments were 
given the plants at weekly intervals. 
In all three plants — corn, asters and 
clover — gibberellic acid “influenced 
significantly the growth of virus- 
stunted plants.” Corn resumed growth 
within 48 hours of its first treatment, 
reports the scientist, while growth 
was visible in the other plants after 
five days. 


Even though the gibberellic acid 
overcame the stunting effects of the 
virus, Dr. Maramorosch points out 
that the diseased plants retained other 
infection. The tiny 
leaf-hoppers recovered the 
from both treated and 
plants. 


signs of insect 
viruses 


untreated 


Camoform, a recently-developed anti-amebic drug, has been used ef- 
fectively in treating intestinal amebiasis. 
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New Honors 
For Niels Bohr 


Mr. Atoms for Peace 


> On Ocroser 24, Prof. Niels Hen- 
rik David Bohr of Denmark received 
a $75,000 Atoms for Peace Award in 
Washington, D. C. 


He was the first man in the world 
to be so honored. 

The 72-year-old atomic scientist and 
Nobel Prize-winner was the unani 
mous choice for the first of 10 such 
Awards to be given to “those persons 
anywhere in the world who have 
made the greatest contributions to the 
peaceful uses of atomic energy.” 

When he y 28 years old 
Prof. Bohr opened a new era in 
atomic science. Today, this giant of 


was only 2 


the tiny atom is considered to be the 
world’s greatest living 
scientist. 


theoretical 


The year was 1913. Dr. Bohr, who 
had earned the doctorate in physics 
only two years before at the Univer- 
sity of Copenhagen, was working 
with Ernest Rutherford at the Uni- 
versity of Manchester in 
Prof. Rutherford (later to become 
Lord Rutherford) had just estab 
lished that the atom had a dense nu- 
cleus with positive charge which oc- 
cupies only a small portion of the 
atom; and that, surrounding this 
dense nucleus, there are electrons of 
negative charge in sufficient number 
to balance its positive charge. But 


England. 


this picture of the atom was not com 
plete. 
Atomic “Solar System” 

In a series of papers that more than 
startled leading scientists, young Niels 


Bohr filled in the gaps and did more, 
He portrayed the atom as a sort of | 
solar system in which the sun is rea 
presented by a nucleus of positive 
electricity and the planets by particles 
of negative electricity revolving 
around it at high speed. This is still 
the picture that most older persons 
see when they think of an atom. 

But Bohr’s theories did much more 
than just sketch a portrait of the atom 
— he also offered an explanation for 
radiation phenomena by postulating 
that the electrons moving around the 
nucleus are confined to restricted or- 
bits. 


This concept of the atom, together} 
with Rutherford’s contributions, were™ 
the beginnings of modern atomic 
physics and have led man to his pres-§ 
ent world of atomic bombs and 
atomic energy. 

These theories also laid the foun- 
dations for the science of spectrosco- 
py. 

Wins Nobel Prize 

Together with his 1913 theories 
and later papers, Dr. Bohr clarified 
the basic principles of quantum me 
chanics. 

In 1922, at the age of 37, Niels 
Bohr was awarded the Nobel Prize 
for physics. At that time, he was the 
youngest scientist ever to receive 4 
Nobel Prize. 


4 

All the while this truly great Dane} 
was working out theoretical princi- 
ples to guide atomic physicists in their 
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work, he was also establishing him- 
self as a great humanitarian. In 1920 
the Institute for Theoretical Physics 
was set up in Copenhagen and Dr. 
Bohr was made its director. A unique 
academy that has hosted many of the 
world’s finest minds, the Institute has 
never had another director. 

In describing the Institute, which 
is synonymous with Dr. Bohr in the 
world of science, Dr. James R. Kil- 
lian Jr., chairman of the Board of Di- 
rectors of the Atoms for 
Awards, had this to say: 

“Its roster of distinguished fellows 
includes leading physicists from al- 
most every country in the world, 
men who were attracted primarily by 
the opportunity to work with Prof. 
Bohr. His humanity, his goodness and 
wisdom — in addition to his out- 
standing scientific contributions — 
have inspired the many scholars who 
have been his students and colleagues 
to become a nucleus of international 
understanding and good will.” 


Peace 


Escape By Fishing Boat 

The Institute is still functioning 
today, as is Dr. Bohr. In the years 
preceding the Second World War, the 
Institute became a haven for the 
many scientists who were forced to 
flee their own countries. But in 1943, 
even Dr. Bohr was forced to flee be- 
fore the jackboots of Nazism and aft- 
er escaping to Sweden hidden in a 
fishing boat, he was flown in the 
bomb-bay of a British airplane to 
England. In December of 1943, Dr. 
Bohr landed in the United States, 
where he took an active part in our 
wartime atomic energy program. 


Theory Explains Fermi’s Work 
At war’s end, Prof. Bohr returned 
to his birthplace, Copenhagen, and to 
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his rigorous schedule at the Institute. 
where once again Dr. Bohr and the 
Institute serve the world’s 
physicists. 

The early work that earned Dr, 
Bohr his Nobel prize is by no means : 
his only or even his most important 
contribution to man’s modern intel- 
ligence of the atom. In 1936, for ex. 
ample, he proposed his theory of nu- 
clear reaction which successfully in- 
terpreted the experiments of the late 
Dr. Enrico Fermi and others on the 
interaction of neutrons with nuclei, 


atomic 


ey 


In 1939, while on a visit to the | 
United States, Dr. Bohr, together | 
with Dr. J. A. Wheeler, identified the 
fissioning isotope found by Otto 
Hahn and Lise Meitner as U-235, 
This Bohr-Wheeler theory is still con- | 
sidered to be the basis of our under. 
standing of the fission process. i 

Today, this shy and humble man | 
who shuns publicity and the praise | 
of all, still pleads with the world to | 
drive the atom it has harnessed along 
the path of peace. 

His argument for the peaceful use 
of the atom is not a new idea; nor is 
it a plea spoken from fear of fallout 
or the awesome potential of H-bomb 
devastation. 


Call For World Cooperation 

There is no better way of showing 
this than to quote Dr. Bohr, who 
made the following remarks shortly 
after the end of hostilities in the Sec- 
ond World War when he was home 
once more in Copenhagen. The time 
was October, 1945, when he warned: 

“We have left that time far behind 
us when each man could pick up the 
nearest stone for self-defense. We 
have also reached that place where 
the security offered the citizens of a 
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nation by collective defense arrange- 
ltogether inadequate. Per- 


is no defense possible 


ments is 
haps there 
against the new powers of destruc 
tion, and it depends upon a world- 
wide cooperation to prevent use of 
the new sources of energy for pur- 
poses which do not serve humanity 
as a whole. However, the possibility 
for an international control with this 
purpose in view may be said to be 
secured by the gigantic, special char 
acter of the efforts, which are un- 
avoidable in manufacturing the new 
terrible weapon.” 

“Every man of science who has 
helped in the work to lay the founda- 
tion of the new development is ready 


to help in every way he sees clear to 
find a solution of humanity’s present 
crisis, which will be worthy of the 
ideals for which science has struggled 
through the ages.” 

The Atoms for Peace Award grew 
out of an appeal from President Eis 
enhower made on July 20, 1955, at 
Geneva, Switzerland. It was created 
as a memorial to Henry and Edsel 
Ford. One million dollars was auth 
orized to be used at a rate of $100,000 
a year for 10 years. This, the first 
year, brought 75 candidates proposed 
\ 23 countries. 
Funds for the Awards are provided 
by the Ford Motor Company Fund. 


by scientific bodies in 


Unique Kit Grows Plants Larger 


> SrupenTs and teachers are learning 
at home how to improve and control 
the growth of plants chemically. 


Science teachers and students, in 
dustrialists and scientists are chang 
ing plant growth patterns, growing 
larger plants and methodically kill- 
ing weeds with chemicals 
structions contained in the current 
unit of THINGS of science, issued 
monthly on a membership basis by 
Science Service. The experimental kit 
contains the same chemicals that have 
produced cabbage plants 12 feet tall 
and tripled the growth rates of many 
other plants in laboratory research. 


and in 


The unit, number 203, contains a 
form of the new wonder growth pro 
moter, gibberellic acid, as well as a 
growth-regulating hormone and a 
mixture of chemicals that affect weed 
growth so violently that the treated 
weeds die. 


The units are designed to assist 
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science students and others interested 
in learning by experimentation. They 
provide demonstrations for use by 
science teachers, and they help in- 
dustrialists keep abreast of new ma- 
terials and techniques. THINGS of 
science has been produced for more 
than 16 years by Science Service, the 
non-profit institution for the popu- 
larization of science, with trustees 
nominated by the National Academy 
of Sciences, the National Research 
Council, the American Association 
for the Advancement of Science, the 
E. W. Scripps Estate and the journ- 
alistic profession. 

Membership in THINGS of sci- 
ence are available at $5.00 for 12 con- 
monthly units. Individual 
units are available at 75 cents each or 
three for $1.50, from Science Service, 
1719 N St, N.W., Washington 6, 
D. C. Recent units include kits de- 
voted to seeds, air pollution, salt, 
copper and paper making. 


secutive 
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For The Home Lab: 


Lithium 


by Burton L. Hawk 


> Lirnium is an up and coming 
young metal with a promising fu- 
ture. It has been termed the “metal 
of tomorrow,” as present research in- 
dicates a new wide-spread use for it. 
3ut before we get too far into the 
future, let us go back in the past and 
see how it all began. 


Yesterday: 


Lithium was first recognized as an 
element in 1818 by the 25-year-old 
Swedish chemist, August Johann Arf- 
wedson. Arfwedson was a brilliant 
chemist and his recognition of lith- 
ium presents a good example of care- 
ful and detailed work. In analyzing 
the mineral petalite, Arfwedson found 
that it contained approximately 80 
silica, 17°4 alumina, and 3°% alkali. 
The normal assumption would be 
that the alkali was sodium or potas- 
sium. And further tests indicated that 
the alkali was very similar to sodium 
or potassium. But Arfwedson’s tests 
proved that although similar it was 
not identical. After repeating his an- 
alysis several times Arfwedson was 
convinced that he was dealing with 
a new substance “whose nature had 
not previously been known.” And 
thus lithium was added to the 


grow- 

ing list of chemical elements. 
Arfwedson was unsuccessful in his 
attempts to isolate the new metal. 


The first person to see lithium as a 
metal was Brandes who obtained it 
by the electrolysis of lithia. However 
the metal was not obtained in any 
quantity until 1855 when Bunsen and 
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Matthiessen prepared it by electro’ 
lyzing molten lithium chloride. 


od 


Today: 

You can prepare lithium in the 
same way that Bunsen did over 1 
years ago. Although this experiment | 
is not dangerous, you must exercise | 
reasonable care in performing it] 
Take your time and follow instruc. 
tions closely. 

You will need a source of D.C 
current. Four ordinary No. 6 dry cells 
will provide sufficient voltage. Con. } 
nect these cells in series; that is con- | 
nect the positive pole of one cell to 
the negative pole of the next one. | 
The positive connection from your | 
four cells will the anode, 
Attach a piece of carbon securely to 
this wire. The center carbon rod from 
a flashlight battery will serve very 
nicely. The negative connection will 
serve as the cathode. This should be | 
an iron wire. Form a small loop in 
the end of the wire. (See diagram). 

Fill a dry porcelain crucible with 
a mixture of 10 parts lithium chlor- 
ide and 1 part potassium chloride. 
Apply gentle heat until all water is 
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driven off. ‘hen gradually increase 
the heat until the solid is completely 
melted. You will probably need a 
Bunsen or similar type gas burner to 
accomplish this. After the solid has 
melted, reduce the flame to the mini- 
mum required to keep it liquid. Now 
insert both wires from your battery 
of cells (the carbon rod and the iron 
wire with the loop) into the liquid 
being very careful that they do not 
touch each other. Proceed cautiously 
in order to prevent spattering of the 
hot liquid. After a minute or so with 
draw the negative iron wire and note 
that a white solid has formed in the 
loop. If you look closely you will see 
a bright shiny globule about the size 
of a pin head. It will tarnish rapidly 
as it cools. When it has partially 
cooled immerse the wire in a large 
pan of water. The globule of lithium 
metal will break free and spin about 
rapidly on the surface of the water. 
It may even ignite and burn rapidly 
with a crimson tinted fame. Do not 
insert the wire in water when it is 
hot and the metal is molten. Always 
wait until the wire cools and the 
metal before you 
in water. Even then be sure to keep 
your face away in the event any par- 
ticles should fly out of the water. To 
collect some lithium, dry the wire 
frst, then re-insert it in the liquid 
lithium chloride. Never insert a wet 
wire in the molten salt, as this will 
cause dangerous spattering. This time 
insert the wire in kerosene, scrape off 
the metal, wipe the wire dry and re 
peat the operation until a sufficient 
quantity is collected. Lithium must 
always be kept in kerosene as it oxi- 
lizes rapidly in the air. 


solidifies immerse 


The isolation of lithium is not an 
easy experiment and if you are suc 
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cesstul you may congratulate your- 
self on a job well done. Be sure to 
save any lithium you collect. We may 
have occasion to investigate the metal 
and its compounds more thoroughly 
in the future. 


Lithium is the lightest metal 
known. Although an alkali metal, in 
many ways it resembles calcium and 
magnesium. Unlike the other alkali 
metals, it forms a nitride with nitro 
gen. Also, lithium bicarbonate does 
not exist in the solid state and the 
carbonate is only sparingly soluble in 
water. The solubility of the hydrox 
ide is comparable to calcium hydrox 
ide. For a so-called “rare” metal lith 
ium is more plentiful than one would 
imagine. It is about twice as plentiful 
as lead and four times more abun- 


dant than boron! 


Tomorrow: 

The lightness, unusual properties, 
and abundance of lithium all help to 
assure a brilliant future for the metal. 
It will find increasing use in high 
energy fuels. It can be used as a heat 
exchange medium in thermonuclear 
reactors. In fact, it is even a practical 
source of nuclear energy, in place of 
the less plentiful uranium and thor 
ium, with the added advantage that 
none of its by-products are radioac- 
tive. 

Organic chemistry will also benefit 
from lithium. Vitamin A and several 
histamines have synthesized 
through the cooperation of lithium 
hydride and lithium aluminum hy- 
dride. Lithium has been 
cessfully in fungicides for plants. It 
acts as a selective catalyst in organic 
polymerization reactions. 


been 


used suc- 


Lithium has decided advantages in 
electro-chemical applications. For ex- 




































ample, lithium cyanide is far more 
effective for plating operations than 
sodium or potassium. 

Other applications include the for- 
mation of many practical alloys, the 
production of glass and ceramics, and 
in the formation of pigments. 

Lithium has come a long way in a 
few years from a recent rarity 


Aspirin’s Mechanism is Revealed 


> Aspirin, the most familiar drug in 
mankind’s medicine chest, goes to 
work when the pituitary gland 
changes it into an oxidized compound 
known as gentisic acid. 

These are the findings of 
John E. Christian and Ph.D. candi- 
date Ross Crabtree of the Purdue 
University School of Pharmacy. 

The researchers knew that gentisic 
acid has the same effect as aspirin, 
minus aspirin’s toxicity. They also 
knew that rheumatic fever patients 
and others who take large doses of 
aspirin excrete more gentisic acid 
than normal people do. They devised 
an experiment to whether 
gentisic acid is a breakdown product 
of aspirin and where this 
takes place. 


Prof. 


discover 
process 


First they induced fever in rats by 
feeding them a peptone solution. 
Then they injected carbon-14-labeled 
aspirin into the rats. Forty-five min- 
utes later they analyzed the rats’ 
blood, lungs, adrenal and _ pituitary 


make longer fishing trips. 


Antibiotics may help to preserve fish caught at sea twice or three 
times as long as is possible with present methods, enabling trawlers to 


Rubber used in the landing gear system of a modern jet bomber is 
sufficient to manufacture 100 automobile tires. 
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Youth Has Wrong 
Idea of Scientists 


Science Teaching Changes Urged 


> Discoverinc through an extensive 
inquiry among 35,000 high school 
students that teen- agers imagine the 
scientist to be different from actuality, 
two scientists are recommending 
changes in science teaching to correct 
youth’s incorrect image of a scientist. 

Drs. Margaret Mead and Rhoda 
Metraux suggest these changes: 

1. Encourage more participation 
and less passive watching in the class- 
room, less repeating of experiments 
the answers to which are known. 
Give more chance to the students to 
feel that they are doing it themselves. 

2. Begin in the kindergarten and 
elementary grades to open children’s 
eyes to the wonder and delight in the 
natural world, which can then supply 
the motive power for enjoyment of 
intellectual life later. This would also 
establish the idea of science as con- 
cerned with living things and with 
immediate, as contrasted with distant, 
human values. 


Need Math Earlier 

3. Teach mathematical principles 
much earlier, and throughout the 
teaching of mathematics emphasize 
nonverbal awareness. Let children 
have an opportunity to rediscover 
mathematical principles for them- 
selves. 


4. Emphasize group projects; let 
the students have an opportunity to 
see science as team work, where 
minds and skills of different sorts 
complement one another. 


5. Emphasize the need for the 
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teacher who enjoys and is proficient 
in science subjects, irrespective of that 
teacher’s sex. This would mean that 
good women teachers could be en- 
listed instead of depending on men, 
irrespective of their proficiency. 

Change the teaching and coun- 
seling emphasis in schools which now 
discourage girls who are interested in 
science. 

7. Deemphasize individual repre- 
sentatives of science, both outstanding 
individuals like Einstein whose 
uniqueness simply convinces most stu- 
dents that they can never be scientists 
— and the occasional genius-type of 
child in a class. 

8. Avoid talking about the “scien- 
tist,” “science,” and “the scientific 
method.” Use instead the names of 
the sciences — biology, physics, a 
iology, psychology — and speak o 
what a biologist or a physicist 
and what the many different methods 
of science are — observation, meas- 
urement, hypotheses-generating, hy- 
ae testing, experiment. 

). Emphasize the life sciences and 
living things — not just laboratory 
animals, but also plants and animals 
in nature — and living human be- 
ings, contemporary peoples, living 
children — not the bones and dust 
of dead cities and records in crumb- 
ling manuscripts. 


Image Affects Career Choice 

Dr. Mead, the anthropologist-auth- 
or, and Dr. Metraux, research fellow 
at Cornell Medical College, compiled 
from essays written by high school 
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students youthful ideas on science and zines, radio, TV, etc. — should em. 





the scientist. The image created by phasize the real, human rewards of Help 
this compilation was often contradic- science, the fact that scientists work | 
tory, but the negative aspects predom- in groups and are neither “cogs ina 4 
inated. machine,” nor “lonely” and le 

The finding was that the image is ed.” The mass media, the scientists 

likely to invoke a negative attitude further recommended, could also help | > Fi 

as far as personal career or marriage to break down the sense of discontin- § day 

choice is concerned. uity between the scientist and other } cate 
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> “Geranium? Egad, Dr. Bunsen, we thought you said you were developing 
a new type of uranium!” 


CHEMISTRY 





1 em. 
ds of 
work 
; IN a 
isolat. 
Ntists 
> help 
ontin- 
other 


oping 


ISTRY 














—— ee 


How Man 
Helps Nature 





Fertilizer Chemicals 


> FERTILIZERS represent man’s present 
day efforts to maintain Nature’s deli 
cate balance between the plant and 
animal kingdom. They are the pro- 
ducts of the chemical production with 
which to restore to the land the chem 
ical elements removed from it by ag 
ricultural production. 


Every year, cultivated farm crops 
in the United States remove approxi 
mately 32.5 pounds of nitrogen, 12.5 
pounds of phosphoric acid, 10.7 
pounds potash and 13 pounds lime 
from each acre. 


Other losses mount each year when 
plant food elements are dissolved in 
our drainage waters, eventually find 
ing their way to the sea. 

These drainage losses remove an 
additional 25,000 tons of nitrogen, 
350,000 tons of phosphoric acid and 
3,500,000 tons of potash each year. 


Still, according to state and federal 
experts, only about 30° of this lost 
nitrogen is replaced each year in the 
form of commercial nitrogen fertili 
zers. 

Similar stories can be told of our 
home gardens, lawns, and park 
grounds. The basic facts are the same. 

In order to grow, plants must draw 
from the soil the food elements neces 
sary to maintain life and growth. 

Once transformed into plant tissues, 
these elements are lost from the soil. 

To meet this problem of lost soil 
fertility, American farmers in a recent 
year used 23,000,000 tons of fertilizer, 
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a record amount. However, this total 
is far short of the desirable goal of 
completely restoring nature’s balance. 

In one state, for example, farmers 
could have made $165,000,000 more 
from the yields of five of its most 
popular crops if they had fertilized 
at the minimum rates recommended 
by the state colleges during recent 
years. 

Another state lost $115,000,000 in 
extra yields by using less than half 
the recommended amounts on six of 
their farm crops. 

The reasons for such losses can be 
found in the mechanism of plants and 
the way they grow. 


How a Plant Grows 

In all, 15 elements are necessary 
for plant growth. Each has a specific 
role to fill in the growth of vigorous 
healthy plants. 

These jobs can be likened to the 
const ruction of a modern factory, pro- 
ducing food for the plant’s own use 
as well as producing crops which can 
be harvested 
animals. 


as food for man and 

The first materials needed for con- 
struction of a plant or a building are 
structural materials to form the walls, 
beams, struts, and framework 
which to grow. 


on 


In a plant, carbon, hydrogen and 
oxygen, taken largely from carbon di- 
oxide and water, become these struc- 
tural elements. They are formed into 
the cellulose and lignin from which 
cell walls are constructed. 
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Inside the walls, there must be ma- 
chinery to manufacture the food and 
produce growth. This is done by an 
assortment of cells made up of a ma- 
terial called protoplasm, the living 
material within the cell walls. 

Nitrogen, phosphorus and _ sulfur 
are the common elements required 
for the development of protoplasm. 

Once the machinery is ready, there 
must be switches to throw, triggers 
to press to set the machinery in mo- 
tion. There also must be transporta- 
tion facilities to help bring in the raw 
materials and move the finished prod- 
uct as well as ways to store the extra 
food produced. 

Potassium, calcium and magnesium 
are the elements which help perform 
these jobs. These elements also serve 
various functions in the building of 
structural and protoplasm materials. 

Another set of elements, commonly 
called “trace” elements also serve as 
activators and catalysts in vital plant 
processes, particularly in food manu- 
facture and respiration of the plant. 

These include iron, manganese, 
zinc, copper, boron and molybdenum. 

All of these 15 elements must be 
present in the soil in proper amounts 
in order to assure good plant growth. 
They must also be there in a form 
which can be handled by the plant. 

If there is a shortage of any of 
these essential elements, a slow-down 
or stoppage of growth will result. For 
example, if there is enough nitrogen 
in the soil to grow one pound of plant 
material and enough of the 14 other 
elements to grow one ton, you cannot 
expect much more than a pound of 
plant material to be produced. 

In a typical soil, all the trace ele- 
ments usually will be present in suffi- 
cient supply. 
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If there is enough water in the soil 
to permit the plants to grow, it cap 
be assumed that there will never ly | 
a shortage of carbon, hydrogen o 
oxygen. 





In most farm soils today, especially 
in the humid areas of the UV. S., there 
usually is enough calcium and mag. | 
nesium present to supply the plant's 
growth needs. The reason is that | 
farmers lime their soils with a cal- | 
cium and magnesium type of lime. 
stone to correct soil acidity. The plant | 
can use this material for growth. 


And sulfur, in a typical good soil, | 
usually is not in short supply. 

This leaves nitrogen, phosphorus, 
and potassium—elements which make 
up from 1.3°% to 9°% of the total 
plant tissue. 

These three are the elements most 
likely to be deficient in usable forms 
in a typical soil. And of the three, a | 
shortage of nitrogen is considered to | 
be most common, making it the 
greatest limiting factor of complete 
plant nutrition. 

For this reason, most mixed fer- 
tilizers contain various amounts of | 
nitrogen, phosphorus and _ potassium. 
And most of our agricultural re- | 
searchers in America today are re 
commending application of a_bal- 
anced ration of these three materials 
when applying farm fertilizers. 


Why Fertilizers Are Needed 

When soils, whether on a farm or 
a city front lawn, are used to grow 
plants year after year, a shortage of 
nitrogen, phosphorus and potassium 
probably will develop. 

The shortage is mainly due to our 
present-day methods of growing 
plants. We grow a lawn, cut the grass 
and carefully gather up the clippings 





CHEMISTRY 





and 
app 
croj 
cro} 
rem 
sale 
fere 
E 
d ra 
tive 
in 
son 
pla 
7 
sin: 
suf 
is I 


’ 


stré 
inc 
ear 
me 


pla 
abi 
an 
nit 


gi 
ai 


> 





1€ soil 
It can 
ver be 


en or 


ecially 
there 
mag. 
lant’s 
> that 
a cal- 
lime. 


plant 


1 soil, 


horus, 


make 
total 


most 
forms 
ree, a 


‘ed to | 


tthe 
nplete 


1 fer- 
its of 
sium. 
il re- 
"ere 

bal- 


erials 


‘mM or 
grow 
ge of 
ssium 


O our 
wing 
grass 
pings 


ISTRY 





and old leaves to leave a well-groomed 
appearance And when we grow farm 
crops, we harvest a portion of the 
in grain, or fruit, or hay and 
remove it from the field either for 
sale off the farm or for use in a dif- 


crop in 


ferent location. 


Every which is grown has 
drawn from the soil some of the na 
tive supply of plant nutrients to use 
in its growth. In time, shortages of 
will appear 
placement will be necessary. 


C rop 


some elements and re- 


Throughout the world today, the 
single element which is in shortest 
supply, as far as plants are concerned, 
is nitrogen. 

Nitrogen in fertilizers has demon 
strated such a dependable ability to 
increase plant production that it has 
earned the name of “the growth ele 
ment.” 


As one leading farm authority ex 
plained nitrogen’s yield-increasing 
ability recently, “you can save a dime 
and lose a dollar when you skimp on 
nitrogen for your crops. 

All living plant cells contain pro 
teins. And 16% to 18°% of all proteins 
is nitrogen. 

This helps explain why the rate at 
which a plant will grow depends 
more on nitrogen than on any other 
plant food. 


How Fertilizers Are Made 

In all, there are more than 250,000 
nitrogen-containing chemical com- 
pounds. Still, a mere handful of these 
materials compose our entire supply 
of fertilizers. 

Nitrogen by itself is a very lazy 
gas with little to do but rise in the 
air and mix with other gases which 
make up our atmosphere. It must be 
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tied-up, or “fixed” with some other 
element before we can use it. 

The principal way this happens in 
nature is through the action of a bolt 
of lightning. When this tremendous 
amount of heat and energy flashes 
through the air, it provides enough of 
a jolt to make nitrogen combine with 
free hydrogen in the air to form am- 
monia. 

This ammonia is easily dissolved in 
rain water and washed down into the 
soil. Millions of tons of nitrogen fer- 
tilizers are added to our American 
soils each year in this manner. 

Throughout most of our world’s 
history, it has been impossible for 
man to duplicate this natural feat. 
All of our agricultural fertilizers dur- 
ing this period had to be gathered 
from plant and animal wastes or from 
isolated, naturally-occurring deposits 
of nitrogen-containing salts such as 
nitrate of soda. 

In principle, the technique of mod- 
ern nitrogen fertilizer production is 
simple. Take nitrogen from the air 
and combine it with hydrogen from 
coal gas or natural gas; place it under 
heat and pressure with certain cata- 
lysts; and ammonia is produced. In 
practice, however, the techniques are 
so complicated and extensive that a 
very large capital investment is_re- 
quired to produce ammonia. 

Once nitrogen is combined with 
another element, it becomes very ac- 
tive and is ready to go to work quick- 
ly with still other elements to form 
nitrogen-containing compounds. 


From the ammonia formed in the 
first step of manufacture, many fer- 
tilizer compounds can be made. 

It can be neutralized with sulphuric 
acid to form a solid salt, sulphate of 
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ammonia. Nitric acid can be used to 
form ammonium nitrate. Ammonia 
can be oxidized and turned into nitric 
acid which, when neutralized with 
sodium bicarbonate, will form nitrate 
of soda. And the ammonia gas can 


> A croup of high school mathemat- 
ics teachers in the Washington, D. C., 
area are going to school via color TV. 

A University of Maryland course 
in calculus entitled “Foundations in 
Analysis” is offered to the teachers in 
the first experimental use of color 
television to teach 
ject. 

The which will extend 
throughout the academic year, car- 
ries with it three hours of graduate 
credit for those who successfully com- 
plete the 26 televised 50-minute lec- 
tures and correlated classwork. 


an academic sub 


course, 


> Tus year’s engineering graduates 
at the Illinois Institute of Technolo 
gy, Chicago, have received an aver- 
age of $82 per month more for be- 
ginning jobs than did their prede- 
cessors only last year. 









Taken as a representative class of 
graduate engineers, throughout the 
country, the 1957 starting salaries in 
dicated that spiraling prices for new 
engineers is still the trend. 

“Salaries have increased every year 







about 35 pounds per car. 


be cooled and compressed into a |. 
quid known as anhydrous ammonig: 
or it can be dissolved in water to form 


Teachers Study 


Engineering Salaries Still Climbing 


Use of aluminum in automobiles increased in 


The winter season brings increased exposure to carbon monoxide gas 
contained in automobile exhaust fumes. 


ae ; > N 
ammonia liquor. All of these ma 1 
terials and others are commonly used § Dr 
as fertilizer materials today. - 

1for 

e pre} 

by Color TV pre| 
* pos! 


Mathematics 184 in color origin. Mo 


ates from the main color television # I 
studio at Walter Reed Army Medical § te: 
Center and is sent on closed-circuit § tub 


to classrooms at Walter Reed and the = 50! 


National Institutes of Health, Bethes § 


da, Md. “st 

The classroom experiment for in. _ 
service high school teachers was des- He 
cribed by the National Academy of § pj, 
Science and the National Research § 1s 


Council. It is being supported by af Dr 









grant from the Fund for the Ad- be 
vancement of Education of the Ford ve 
Foundation. + 
cre 
rey 
mm 
since 1938, when we began keeping § °“ 
records,’ Earl C. Kubicek, director 
of alumni relations and placement, 
said. 
Then, graduates averaged $100 per > 
month. me 
uo 
January and June graduates at the 
. oh s sel 
Institute this year started work on an 
ee eae an 
average salary of $473 per month. 
: S ’ : : gl: 
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Nobelist Predicts 


> Makino tire and controlling life 
in the laboratory were predicted by 
Dr. Wendell M. Stanley, Nobelist 


ind director of the University of Cal 


ifornia’s rus laboratory, in a paper 
prepared for the International Sym 
posium on the Origin of Life held in 
Moscow. 

The “first long step” towards the 


creation of living molecules in test 


tubes, Dr. Stanley said, hinges on the 


solution of finding the specific struc 


ture of nucleic acid. Nucleic acid, the 
“stuff of life,’ has recently been dis- 
covered to possess virus activity. 

The discovery was made by Dr. 


Heinz L. Fraenkel-Conrat, another 
University of California scientist and 
a speaker at the Moscow Symposium. 
Dr. Stanley 


ilmost certain indication that nucleic 


termed the discovery an 
acid is the all important structure. 
Once tailor-made living matter is 
Stanley 
scientists a 


created in the laboratory, Dr. 


reported, it will give 


“short-cut” for by-passing the long 


. : 
evolutionary process and, in effect, 


Creation of Life 


give man control over heredity. 

“I believe,” Dr. Stanley said, “that 
the elucidation the structure of 
nucleic acid in all of its aspects is the 


of 


most important scientific problem we 
face today. It is vastly more important 
than any of the problems associated 
with the structure of the atom for in 
nucleic acid structure we are dealing 
with life itself and with a unique ap 
proach for bettering the lot of man- 
kind of earth. 

“It is possible that the solution of 
this scientific problem could lead 
eventually to the solution of major 
political and economic problems. Nev 
er before has it been possible to rea- 
lize so fully our utter dependence on 
the structure of nucleic acid. 
be 
able to synthesize a small polynucleo 


“Eventually chemists should 
tide specifically arranged, hence one 
may now dare to think of synthesiz- 
ing in the laboratory a structure pos 
sessing genetic continuity and of all 
of the tremendous implications of 


such an accomplishment.” 


Sensitive Test for Metals 


> A rapip and convenient method of 
measuring the metal content of solu 
tions has been developed that is so 
affected by the 
lead from the 


sensitive it 1s tiny 


mounts dissolved 


glass much 


equipment. 


ot 


ol ordinary laboratory 

Dr. Irving Shain, professor of 
chemistry, and Richard D. DeMars, 
research assistant, University of Wis 
consin, Madison, reported the new 
electrolytic method that can measure 
one part of lead in five trillion parts 
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The basis of the 


technique is an electrode consisting 


ot solution. new 
of a tiny drop of mercury hanging 
from a platinum wire. Any metal that 
will alloy itself with mercury can be 


tested. 


Using the new method, the Wis 
consin chemists can measure concen 
billionths 
of an ounce of lead or two billionths 


trations as small as seven 


of an ounce of zinc in a quart of 


solution. 
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Co.LecE CHEMistry — William H. 
Nebergall and Frederic C. Schmidt— 
Heath, 788 p., illus., $6.75. Designed 
to help instructors to integrate courses 
on general chemistry and qualitative 
analysis. 


NaTuRAL AND Syn- 
THETIC Ruppers — Harry L. Fisher 
— Reinhold, 208 p., illus., $6.50. It 
is only in recent years that chemists 
have known much about these sub- 
stances. 
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Van Nostranp’s PracticaAL Form- 
uLarY — William R. Minrath, Ed.— 
Van Nostrand, 336 p., $5.98. A “re 
cipe” book of over 800 formulas for 
the home, farm, factory, and small 
business, taking into account price, 
quality, availability and competition. 
Includes cosmetic and photographic 
formulas. 


A History of [INpustrriaAL CHEM- 
istry — F, Sherwood Taylor — Adb- 
elard-Schuman, 467 p., illus., $7.50. 
Telling the history of the chemical 
theories from which sprang the 20th 
century chemical industries. 


AtcHemMy To CHEMIs- 
try: A Procession of Ideas & Person- 
alities — John Read — Bell and Sons 
(Macmillan) 206 p., illus., $3.75. 
Tracing the history of what the au- 
thor believes to be the most romantic 
of all the branches of science back to 
its beginnings in such sources as the 
Book of Genesis in the Bible. 


THROUGH 


Buitpinc Biocks oF THE UNIVERSE 
— Isaac Asimov—Abelard-Schuman, 
256 p., diagrams, $3.00. Interestingly 
written book for young people about 
the chemical elements. 
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HanpBook oF CHEMISTRY AND Py. 
sics: A Ready-Reference Book ¢ } 
Chemical and Physical Data—Charle 
D. Hodgman, Robert C. Weast and 
Samuel M. Selby, Eds. — Chemical | 
Rubber Publishing Co., 39th ed, 
3213 p., $12.00. A new edition of this 
essential reference work. 
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oF Nucrear Enercy: Summary of 
Findings Policy Suggestions for 
the Future — NPA Special Policy § 
Committee — National Planning As. | 
sociation, 59 p., paper, $1.50. 


CHEMISTRY OF THE CovaLENT Boxy } 0 
— Leallyn B. Clapp — Freeman, 684 | 
p., illus., $7.50. Text for a first-year | . 
course with emphasis on the influence} °¥! 
of geometry on chemistry. to t 
Excirep States IN CHEMIsTRY ann} YY 


a. — C. Reid — Academic, 215} 

»y illus., $7.50. Outlining some of the | ' 
more important physical concepts con- bus 
cerning molecular excitation and in- app 
teraction and applying them to a few | 


chemical and biochemical situations. C 
THERMODYNAMIC PROPERTIES OF | its 
THE ELEMENTs — Staff of Industria } seri 
and Engineering Chemistry — A mer- ! the 
ican Chemical Society, 234 p., $5.00. gift 
Giving tabulated values of the heat bei 

capacity, heat content, entropy and 
free energy function of the solid, | ™ 

liquid and gas states of the first 92 
elements for the temperature range 
298 to 3000 degrees K. kine 
anc 


MetAatturcicaL Procress—3: Crit 
ical Reviews — Helen Towers and 
others — Philosophical Library, 88 
p., graphs, $6.00. Surveying the pres- 
ent state of knowledge. 
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